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For low-level d-c measurements 
Use these new, triple-purpose © 


+o = 
o-c STAGE a-c TOR 


TO HIGH -GAIN TO : 
A-C |A-C AMPLIFIER! | D-c 
Voltage-balance feedback (above) and current-bal- 
ance feedback stabilize gain . . . provide virtual 
null balance. 


stabilized for zero ang gal 


SPECIFICATIONS 


MICRO-MICRO- 
AMPERE UNIT 
Catalog No. 9835 Catalog No. 9836 , 
R 
FULL SCALE RANGES WITH BUILT-IN 4 — id 
0 to 50 or —25 to 0 to 1000 or — 


Micro - Micro- 
le +500 
+25 Microvolts; sco s; scale multipli 
multipliers: 1,2A,10, ping L 2, 5, 10, 20, 50, 
20,40 100, 200, 500, 1000, 
2000 
ACCURACY 


Of amplifier: +0.5 to 
lifier: 0.4% J 

1 

STABILITY 

ili ically. No trim- 

Gain stabilized automatica 

we mer controls required. 

*SOURCE RESISTANCE 

Up to 10,000 ohms. 0.1 megohm or more. 

RESPONSE TIME 
2 to 3° sec. 
OUTPUT 


. 10 millivolts ot 

input on any range: 
ved rege of 500 ohms for null recorder; 
ers for 20,000-ohm external meter. 


2 to 3° sec. 


Front panel fits standard 19” relay rack. 


Source Resistance. 


*Accuracy ond Response Time depend on 
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USE AS 
e DIRECT-READING MICROVOLTMETER 
OR MICRO-MICROAMMETER 
e RECORDER PREAMPLIFIER 
e NULL DETECTOR 


These new instruments are not only D-C Indicating Amplifiers but ore 
stable, accurate measuring instruments as well. You can use them in 
measurements with thermocouples, strain gages, bolometers .. . bridge 
and potentiometer circuits . . . ionization, leakage, and phototube cur- 
rents ... almost any measurement of extremely small direct current or 
voltage. 


Through a combination of a-c amplification and unique balanced feed- 
back network, zero and gain stability are designed right into the instrv- 
ment. Trimmer controls are designed ovt—eliminated. 


Actually three instruments in one, these amplifiers can be used as— 


Direct-reading instruments . . . At the turn of a scale-multiplier knob, 
you simply select the range in which you want to work. 


Recorder preamplifiers . . . with broad flexibility. For instance, one or 
two degrees temperature difference can be spread across an entire 
Speedomax recorder scale. 


Null detectors . . . more sensitive than most reflecting galvanometers, 
yet with full scale response time of only 2 to 3 seconds. Leveling is 
unnecessary. There's no worry about shock or vibration. At the turn of 
a@ range knob, you have available a wide choice of sensitivities. Ex- 
ternal shunts are not required. And when using non-linear response, 
not only does the instrument stay on scale at extreme unbalance; sensi- 
tivity increases automatically as the null point is approached. 


For details, write to us at 4926 Stenton Ave., Phila. 44, Pa. 


| MEASUPING INSTRUMENTS TELEMETERS AUTOMATIC CONTROLS HEAT-TREATING FURNACES 


LEEDS & NORTHRUP CO. 


Jet, Ad EM9-51 (10) 
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ADVANCED ELECTRONICS 
ANTON LABORATORIES is a complete, self-contained 
electronic establishment in which the advanced 
designs of skilled technicians are converted into 
a wide range of outstanding instruments and com- 
ponents for measurement and generation of 
tadiation—equipment that has won the acclaim of 
users in research laboratories, schools, hospitals, 
and the acceptance of manufacturers and the 
Armed Forces. 


Located in the center of research activity, in New 
York City, cooperating with eminent scientists in 
many fields, the ANTON Laboratories provide 
completely integrated facilities for research and 
production. We design what we make—and make 
what we design—all under one roof and one man- 
agement. We do an outstanding job, because we 
do all of the job. 


Most recently, our work in cooperation with the 
U.S. Navy and the Naval Research Laboratories 
has resulted in the development of Counter Tubes 


of greatly improved sensitivity, performance and , 


dependability. These are now available to labora- 


tories and manufacturers of quality instruments. 4 


Complete Tube Catalog, containing detailed specifi- 
cations and technical data, is available upon request. = : 


ADVANCED G-M COUNTER 
DEVELOPED FOR U.S. NAVY 


TYPE 201—U. S. NAVY TYPE BS-1. 

High sensitivity end mica window counter for 8, 
ond high energy detection. Specifically 
designed for precision survey instruments. 


IMPROVED COUNTER TUBES 
Anton Tubes are the product of years of 
intensive research effort—employing new 
methods in design and manufacturing, im- 
proved materials, precision workmanship, 
and controlled production techniques. 


@ GROOVED CERAMIC INSULATORS 
A basic improvement over conventional 
flame-worked glass bulb: Precision molded 
... uniform diameter...accurate align- 
ment . . . mechanically stronger. Deep 
grooves lengthen surface path to minimize 
external leakage. No bulge around cath- 
ode to interfere with probe assembly or 
restrict “stacking” ...no wax coating to be 
scratched ...and non-photosensitive. 


@ HALOGEN QUENCHED 

Uniform, stable characteristics unaffected 
by use...cannot be damaged by sustained 
over-voltage...operating range -—55°C 
to +75°C...long shelf life...large pulse 
amplitude. 


@ MECHANICAL DESIGN 

Mechanically rugged, capable of with- 
standing shock and vibration ...designed 
for convenient incorporation in instruments 
... exhaust tip protected by screwed-on 
terminal cap. 


TYPE 302— 
U. S. NAVY TYPE BS-2. Low sensitivity 

gamma counter, extremely short dead time— 
for precision high intensity measurements. 
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ANTON ELECTRONIC LABORATORIES, INC. 
1226-1232 FLUSHING AVE., BROOKLYN 6, N. Y. 
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THE ONLY BOOK OF ITS KIND 


Deciduous Forests 
of Eastern 
North America 


by E. Lucy BRAuN, PH. D. 
Professor of Plant Ecology, Emeritus 
University of Cincinnati 


The basic facts and problems involved in the 
_ ecdlogy, succession, and geography of the de- 
‘ciduous forests of eastern America are brought 
together here for the first time. 

oth professional and lay readers will find it 
indispensable for study and reference. 

It is an authoritative and complete account of 
the virgin forests of eastern North America. The 
author spent 15 years and travelled 65,000 miles 
in studying these original forest patterns, many 
of which are extinct today. As a result, this text 
will always be a source of information as virgin 
areas continue to disappear. 

Divided into three parts, it presents the com- 
position of virgin forests, analyzes and compares 
climax communities, traces the expansions and 
contractions of the deciduous forest formation 
and its segregation into types, and demonstrates 
the genetic relations of its several parts. 

A bibliography, index of scientific and common 
names, and a subject index are valuable aids. 

Accurate tables and excellent illustrations, such 
as the one used here, supplement and clarify the 
basic facts. 

An added feature is the 22” x 23” map of forest 
regions which is folded into the binding. Addi- 
tional copies printed on linen, suitable for field 
work or framing, may be purchased separately. 
($1.50 per map) 


90 Illustrations, 11 Maps, 91 Tables, 596 Pages 
Publication Date—November 8, 1950 


gland 


u.S8.- Forest Service.) 
e. 


e northern New En 


th: 
White birch, 
landscapP’ 


RESERVE YOUR COPY TODAY! 


A. 
> Sew THE BLAKISTON COMPANY, 1012 Wal Ss , Philadelphia 5, Pa. 
The Blakiston : Please send me a copy of the “eect ronan 
Company 


( Braun’s “Deciduous Forests of Eastern North America” [] maps 
1012 Walnut Street 


Philadelphia 5, Pa. 


NAME 


ADDRESS 


CITY ZONE STATE 
SCI 106.50 
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Only an International Centrifuge can offer you such 
a wide range of interchangeable accessories. No 
other Centrifuge is so adaptable to your requirements 
present and future. 

Only genuine International heads, metal shields, 
trunnion rings, cups, and rubber cushions can give 
you peak performance from your International Cen- 
trifuge. Fifty years of engineering experience insure 
safety, reliability and smooth operation. Each acces- 
sory is stamped with the ©) monogram and 
each individual piece is test run under overload for 
your protection. 

Illustrated here are a few of the accessories for the 
International Size 2. Send us the serial number of 
your Centrifuge and we will gladly send you a 
descriptive Bulletin listing all of the accessories usable 
on your machine. 


INTERNATIONAL EQUIPMENT CO. 


Boston 35, Mass., U.S.A. 
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blood gas analysis 


van Slyke 
apparatus 


Micrometric adjustment 
of leveling bulb 
gives“ 
more precise 
adjustment of volumes. 


Clear plastic shield 

protects ~~ ~~ 
manometer tube 

from accidental breakage. 


Ball joint 
connection facilitates 
easy replacement ~~~ 
of manometer tube 
or stopcock assembly. 


IMP ROVED seven ways in design 
and construction, The Emil Greiner 
Company offers the Van Slyke Blood Gas 
Apparatus for facilitating rapid and precise 
analysis of Carbon Dioxide, Carbon Mon- 
oxide, Oxygen, Nitrogen, etc., in blood and 
other solutions by vacuum extraction.* 
An arbitrary volume can be taken by this method and the 
amount of gas determined by the pressure read on the 
closed end manometer, which is graduated in millimeters 

_ directly on the tube up to 600 mm. The extraction chamber 

is shir at 0.5, 2.0, and 50 ml. 


ue She et al. J. Biol, Chem. 136, 509 (1940); 102, 635 (1933); 
569, 547, 531, 509 (1932); 78, 739 (1928) ; 78, 801 
127. 72, 545, 39 (1927); 71, 


235 (1927); Gi, 575, 523 48. 1° (1821); 90, 347 


October 6, 1950 


Fluorescent light 
and d diffuser plate 
behind 
manometer tube 
eases reading of scale. 


= 
over 1/16" thick 
sheet metal case. 


Continuously 
variable speeds 
available for 
_ Stirring through a 
direct eccentric 
drive froma 
back-geared motor. 
No pulleys assures 
positive drive 
and worm gears 
maintain high torque. 


Sturdy 
cast 
base. 
G 5535 Blood Gas Apparatus, 
Van Slyke Constant Volume. 
Complete as described above 
with 110 volt universal motor, 
2 liter reservoir bottle, leveling 
bulb and rubber tubing. 
The EMIL. GREINER 
20-26 N. MOORE STREET NEW YORK 13, N.Y. 


precise & rapid 
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Micro-Electrophoresis 


Apparatus LK 30 


For interferometric determination of concentration gradients in 
body proteins, cerebrospinal fluid, enzymes, immunization processes, etc. 


Fig. 1— Light from a source, S, is 
converted to parallel beams by 
means of a lens; then passed 
through interferometer plate, J, 
which produces a front and back 
beam. Beams are directed on cell, 
C, reflected there, superimposed 
by same plote, J, and returned 
through lenses to photographic 
plate, P. 


3. component 


Image of cell channel 


Fig. 2— A typical curve prepared 
from the photographic record of 
the interference bands shows the 
concentration of the various com- 
ponents in the solution. 


The Kern Micro-Electrophoresis Apparatus provides an ideal 
insttument for conveniently, rapidly and accurately analyzing pro- 
tein mixtures in biological materials. It employs a micro-cell 
developed by H. Labhart and H. Staub, as described in Helvetica 
Chimica Acta, XXX, 1954 (1947). With this cell measuring 30 mm 
in height by 1.5 mm in width by 5 mm in depth, a sample of only 
0.4 ml is required for the test. The apparatus utilizes a modified 
Jamin Interferometer to measure the changes in refractive index of 
the solution (Fig. 1). Images of cell channels are striped with light 
and dark bands on the photographic plate. This record is then 
cross-plotted (Fig. 2) to give the relative concentrations of the respec- 
tive cornponents of the solution. The Kern Apparatus is compactly 
built with the cell readily accessible outside the case. Has 4 mirror 
reflex camera; automatic counter. No adjustments are necessary 
because the interference pattern is not affected by the position of 
the cell. Since an analysis may be completed in about 1% hours, 
apparatus is also well adapted to routine work on serum and cere- 
brospinal fluid. The unit is easy to operate by untrained personnel. 
Accuracy depends upon concentration of solution under investiga- 
tion; accuracy for a 1% solution: 2.5%. Each photograph is auto- 
matically numbered and the progress of the electrophoresis may be 
observed in the eye piece on top of the case. Light is provided by a 
sodium lamp. The Model LK 30 operates on 115 volts, 60 cycles 
AC. Over-all dimensions of case, 16 by 1814 by 11}% inches high. 
There are no moving parts; no thermostat. Detailed specifications 
and price on request. 


A. S. ALOE COMPANY 


General Offices: 1831 Olive Street, St. Louis 3, Mo. 
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Whatever The Use... PYREX Brand 


Condensers Give You Long Efficient Service 


West Type Plain Condenser (2700) 


West Type $ Joint Condenser (2720) 


West Type Water-Cooled Drip Tip 
F Joint Condenser (2740) 


West Type Drip Tip T Joint and Outer 


F Joint (2800) 
—_ 


West Type Water-Cooled Drip Tip 
F Joint and Water-Cooled Outer 
F Joint (2820) 


For either distillation or reflux operation, 
for beginning student or exacting researcher, 
there is a PYREX brand condenser to fit the 
purpose— available in Liebig, West, Allihn, 
Graham, Friederichs, and Hopkins designs, 
with or without ground joint connections. 
PYREX brand condensers are designed not 
only for efficiency but for long service. For 
example, the West all-glass type (illustrated 
above) have heavy walled jackets for strength 
but the protected condenser tube is thin- 
walled for faster heat transfer. A minimum 
of space between tubes increases velocity of 


CORNING GLASS WORKS 


water for greater efficiency. Tubulations are 
solidly attached to enlarged bulbs for greater 
shock resistance. The all-glass construction 
prevents leakage. 

PYREX brand condensers combine the 
properties of mechanical strength, thermal 
resistance and chemical stability. A//-glass 
construction with ground joint connections 
assure you of maximum distillate purity. 

Your Laboratory Supply Dealer salesman 
will be glad to give you further details on 
PYREX brand condensers. Consult him; he 
is well-versed on all laboratory equipment. 


CORNING, N. Y. 


Laboratory Glassware, Glass Pipe, Plant Equipment, Lightingware, 
Technical Products Division: meer Gauge Glasses, Optical Glass, Glass Components 
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The f'exibility that Castaloy Appliances 
give to che modern laboratory has made 
them the most popular clamps, holders, 
and supports in the scientific world. Cas- 
taloy is but one of the many contributions 
that the Fisher Scientific Company has 
made to advanced laboratory techniques 
and methods. If you have not received 
your new catalog of Castaloy Appliances 
ask for one today. 


er FISHER Specialty 


The Castaloy Double Buretie 
Holder gives fingertip control 
plus sure support for accurate 
measuring work. The heavier the 
load the harder it grips. 


The Castaloy Clamp Holder 
will not crack under strain, nor 
will it rust like cast iron. Its 
bright finish is lasting and it’s 
light. 


The Castaloy Versatile Clamp 
has a gripping range from % to 
3% inches. Its independently 
controlled jaws make it particu- 
larly useful for close positioning 
of apparatus. 


Available At Any of the Convenient Locations Listed Below 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC Co. EI 


717 Forbes St., Pittsburgh (19), Pa. 
2109 Locust St., St. Louis (3), Mo. 


MER ano AMEND 


Greenwich and Morton Streets 


New York (14), New York 


In Canada: Fisher Scientific Co., Ltd., 904 St. James Street, Montreal, Quebec 
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q ANALYZE for 3.3 ELEMENTS in MINUTES 


by means of the 


TODD “SPECTRANAL” 


U. S. PATENTS PENDING 


This new principle of element excitation, using a submerged electrode appa- 


ratus, now enables rapid positive qualitative analyses to be made by means of 


an inexpensive visual spectroscopic method. 


FEATURES 


DETECTS 33 ELEMENTS 


Barium Europium Lithium Silver 
Bismuth Gallium Magnesi 
Cadmium Cold Manganese Strontium 
Calcium Hydrogen Mercury Thallium 
Cerium Indium Nickel Tin 
Chromium Iron Palladium Titanium 
Cobalt Lanthanum Rhodium Vanadium 
Copper Lead Scandium 
ne 


RAPID ANALYSIS 
Only a few minutes are required for detection of the above 
elements in either simple or compiex mixtures. 


MACRO or MICROANALYSIS 
Requires only a few milligrams of sample for the complete 
analysis. 


HIGH SENSITIVITY 
The average limit of detection for the above elements is 
0.7 mg./ml. However, some elements may be detected in 
concentrations as low as 0.005 mg./ml. 


POSITIVE ANALYSIS 


Absolute identity of the elements without the “‘inter- 
ferences” frequently present in time consuming chemical 
methods. 


SAMPLE NOT DESTROYED 
Sariple is TOO% recovered after analysis. 


VISUAL ANALYSIS 


Eliminates need for expensive photographic equipment and 
other accessories required for spectrographic methods. 


NEW PRINCIPLE OF OPERATION 

A few milligrams of the sample to be analyzed are dissolved and 
placed in the SPECTRANAL condenser excitation chamber which 
has two submerged vertical platinum electrodes. By means of a 
predetermined fixed voltage and amperage, the upper platinum 
electrode submerged in the solution, produces an unusual con- 
tinuous glow on its surface which is characteristic of the ele- 
ments present in the solution. This selected current excites the 
elements present to produce only their characteristic persistent 
lines. The elements are then readily identified by referring to a 
specially prepared table of their selected persistent lines. After 
analysis, the sample solution is completely recovered. 


TODD SPECTRANAL is supplied complete with a standard 
high quality Bunsen type prism spectroscope of modified 
ign mounted on a sturdy base which houses the con- 


trol and safety devices. he spectroscope is also pro- 
vided with an incandescent lamp of variable intensity 
for illuminating the spectroscope scale. A vertical sup- 
port rod on collimator, tube is provided with an 
adjustable clamp for supporting the SPECTRANAL ex- 
citation chamber in front of the spectroscope slit. The 
Pyrex brand glass weter-cooled excitation chamber has 
a fixed lower platinum electrode and a 4” adjustable 
upper platinum electrode attached to a heavy non- 
reactive metal support rod with an insulated handle. 
This chamber is also provided with a single-wall window 
v2" diam. for maximum light transmission, a funnel 
shaped top arm for introducing analytical sample into 
chamber, a three-way stopcock at bottom for removing 
sample after analysis and for water flushing the chamber 
after use without the need of removing it from its sup- 
port. The unit is finished with a brilliant biack baked- 
on enamel, has 6 feet of rubber coated cord with plug, 
and is for use on either 110 volts a. c. or d. c. Over-ali 
height 18”. Operating instructions included. 


WRITE NOW for free literature on the TODD “SPECTRANAL” 


TODD SCIENTIFIC COMPANY 


Designers and manufacturers of special scientific laboratory apparatus. 


SPRINGFIELD, PA. 
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Cenco Dial 


RESISTANCE BOXES 


ate designed for convenient use in D. C. and low 


frequency measurements. Fully 


enclosed in metal cases with bakelite paneis 


and dial controls, these boxes 


contain low contact resistance switches 


with solid silver contacts. Coils are 


adjusted to 0.1% —fractional coils to 


0.25 of 1%. Made in ranges of 999 x 1 ohm, 9999 x 1 ohm, and +; 


999.9 x 0.1 ohm. Write for circular 1184. 


CENTRAL SCIENTIFIC COMPANY 


© Scientific Instruments 


© Laboratory Supplies 


_ Newark Boston Chicago Washington Detroit New York Los Angeles San Francisco Santa Clara Toronto Montreal Vancouver" 
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THE NEW CONSOLIDATED MODEL 23-105 


MICROMANOMETER 


te 


For Measuring Pressure - 
. of gases of unknown or 
variable 
introau 
spectrometers 
.in high-vacuum stills 
crystallizers 


Precise measurements of gas pressure from 0.1 micron to 150 microns without 


knowledge of the composition of the gas are now possible with the new Consolidated 


Micromanometer, Model 23-105. Pressure changes as small as 0.1 micron can be de 
termined. 


With this new and highly sensitive instrument,gas composition is unimportant,as the 
pressure readings are independent of the fact that the gas might be air, a condensable 


vapor, or an unknown mixture. Special calibration charts for each gas are eliminated 


The Model 23-105 is a complete unit ready for installation in any vacuum system 
For further information, write for Bulletin CEC-1819-X3. 


CONSOLIDATED 
CORPORATION “5 
Analytical Instruments for Science and Industry 


620 NORTH LAKE AVENUE PASADENA 4, CALIFORNIA 


* 
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MODEL 200 GAS FLOW COUNTER 


A Windowless or Internal Sample Type Geiger 
Counter for Alpha, Beta, and Gamma Radiation 


STAINLESS STEEL 


Patent Pending 


The MODEL 200 GAS FLOW COUNTER might well be called a LIFETIME COUNTER. There is 
no window or seal to break, the stainless steel construction is extremely rugged, and fresh counting gas 
is always used. When necessary, it can easily be completely disassembled for thorough cleaning and 
decontamination. 


Since there is no window or other obstruction for the radiation to penetrate, there is not the custom- 
ary absorption loss of low energy particles. This makes it possible to count isotopes such as Car- 
bon 14, Sulphur 35, or Calcium 45 much more efficiently than with any other type of Geiger counter. 
The time required to count to any given statistical accuracy is considerably less than that with even the 
best of thin window counters. Isotopes with higher energy radiation are also counted just as efficiently. 


The overall counting time is further reduced by the use of the new circular style, three position sample 
holder. Sample dishes with radioactive material to be counted are inserted directly into the counting 
chamber by means of this rotating sample holder. While one sample is in the counting chamber, the 
next is being preflushed with the same self-quenching counting gas that is continuously flowed through 
the counting chamber. There is absolutely no delay between samples. 


The maximum sample size is 1% inches in diameter and % inch deep. Stainless steel adapters can be 
provided for any smaller samples. 


PRICED AT $250.00 — COMPLETE INFORMATION ON REQUEST 


A i, S WRITE FOR INFORMATION 
ON OUR NEW INEXPENSIVE 


FRACTION COLLECTOR 


RESEARCH EQUIPMENT and SERVICE 
6054 WOODLAWN AVE. CHICAGO 37, ILLINOIS 
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Quickly Available 


Wherever you are, 
there is a nearby supplier of Merck Laboratory Chemicals 


There are 64 local suppliers of 
Merck Laboratory Chemicals 
throughout this country—one 
of the largest, most extensive 
distributive systems in the 
laboratory chemical field. When 
you specify Merck you can be 
sure of speedy shipment from 
your nearby source. 


cnt 
R mek j - 
AcETON! 
Unvarying Purity 
j 
Yo j Every batch of the 600 
Merck Laboratory Chemicals 
r must meet the same predetermined 
¢ 4 standards of purity—through one 
of the most rigid quality-control 
ee systems ever devised. For 
S best results be sure 
to specify Merck. 
MERCK & CO., Inc. Manufacturing Chemists Ranway, NEW JERSEY 
New York, N.Y Philadelphia, Pa. St. Louis, Mo. Chicago, Ill. Elkton, Va. - Los Angeles, Calif. 
In Canada: Merck & Co. Limited + Montreal - Toronto + Valleyfield 
October 6, 1950 13 
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PERKIN-ELME 


R 
MENT NEWS 
NSTRU 
SIR p 

FoR SCIENCE AN 

AL. STRI CTURES 


INDUSTRIES 


INSTRUMENT NEWS is an 8-page quarterly | 
published in the interests of furthering re- 
search, material analysis, and production 
through modern optical instrumentation. 
Articles of technical and general interest | 


field and the Perkin-Elmer staff. 


| 
are prepared by leading workers in the | 

Tor 


Some of the outstanding articles from 
past issues are listed below: 


INFRARED IN DRUG, BIOCHEMICAL FIELDS 


Microsample Analyses ..................... Autumn 49 
ELECTROPHORESIS MAY AID DIAGNOSIS 
Establishing Abnormal 

Serum Patterns Winter ’50 


BAKER-SCHMIDT TELESCOPE 
Harvard College South African 


INFRARED MEASURES FLAME TEMPERATURES 
Infrared Monochromatic Radiation 

POLARIZED INFRARED SPECTRA 
Determining Crystal Structures ... Summer’50 


Among future subjects to be covered: 


PRISM MATERIALS 
Their Application to Infrared Analyses 


OPTICAL METHODS FOR CELL STUDIES 
Article by R. C. Mellors 


EUROPEAN APPLICATIONS OF ELECTROPHORESIS 

Second of a Series by D. H. Moore 

You may receive INSTRUMENT NEWS regularly 
without charge by filling in the coupon below. 


r 
| THE PERKIN-ELMER CORPORATION 
| GLENBROOK, CONN. 

| Please send me INSTRUMENT NEWS 


| NAME TITLE 
| appress 
CITY STATE 
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versatile 
efficient 


microscope lamp 
LAMP is 1st 
choice in - 
thousands 
of labora- 
tories 


throughout 


designed to 
the specific 

requirements 
of the clinical, 


the country. control and 
industrial 
laboratories, 
tor the E&G 
descriptive LAMP 
literaturé provides 
controlled 
$32.50 ittumination, 
complete cool opera- 
tion, and 


constant, bright light 
for every application. 


los angeles 17, calif. 


RESEARCH BIOCHEMICALS 
for 
Biological & Microbiological 
INVESTIGATIONS 
Uniform Pre-tested Dependable 


“VITAMIN FREE” CASEIN 


Hot Alcoholic Extracted 
Exceptional in Purity for Vitamin Tests 


TYPICAL VITAMIN ANALYSIS 
(micrograms per gram) 
0.20 


THIAMINE 
RIBOFLAVIN 0.60 
NIACIN 0.25 
PYRIDOXINE 0.70 
PANTOTHENIC ACID 0.15 
BIOTIN 0.0015 
FOLIC ACID 0.030 
Now Available at New Reduced Prices 
Write for Revised Catalogue SH#850 Listing 
a Complete Selection of Over 400 
Important Biochemicals 


NUTRITIONAL BIOCHEMICALS CORP. 


CLEVELAND 5, OHIO 
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VU-LYTE 
by 


OPAQUE PROJECTOR 


YOU TOLD US WHAT YOU WANT 
HERE IT IS... the most 


modern and most versatile of 


3 BASICALLY 
visual teaching tools 


POINTEX* 
PROJECTION 
POINTER 


*Pacent Pending 


October 6, 1950 


YOU WANTED a projector you can use in a partially-lighted room. 
Without total darkness, Beseler VU-LYTE gives you cleer, sharp images and brilliant colors. 
YOU WANTED full-page Projection, yet a lightweight machine. 
Beseler VU-LYTE proj al d or a postage stamp with equal ease . . . weighs 18 pounds 
less than previous models. 


YOU WANTED continuous, smooth operation without light eon 
Beseler VU-LYTE —and only Beseler VU-LYTE — gives you the Feed-o-matic* Conveyor. 


YOU WANTED no bother with mounting copy in cumbersome picture holders, 
and no copy-flutter. 
Beseler VU-LYTE — and only Beseler VU-LYTE — gives you the Vacumatic* Platen. 

YOU WANTED a projected arrow thaf permits you to point to details without 


leaving the projector. 
Beseler VU-LYTE —and only Beseler VU-LYTE— gives you the Paintex* Projection Pointer. 


And you can use VU-LYTE on an uneven new thinking in the field. We can only hint 
surface ... use a small or large screen . . . at the many surprising, exclusive, helpful 
operate VU-LYTE with no heat or noise dis- features. See them and try them for yourself! 
comfort . . . always get top-flight projection But act sow. 

at surprisingly low cost! Without obligation, write or phone today for 
Remember, VU-LYTE is not a remodeled old a free demonstration in your own projection 
model. It is brand new, the result of brand room. And ask for booklet B 


CHARLES Beeler COMPANY 


60 Badger Buster. Newerk 6, 
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REASONS FOR USING 
TAYLOR 


pH COMPARATORS. 


ACCURACY—Taylor PH sets use the accepted color-"" 


imetric method of comparison. Color standards ° ‘ 
absolutely guaranteed against fading. i 


EASE—AIl color standards necessary for each 
indicator are enclosed within one handy slide, no 
fragile single standards to handle, nothing to 
lose or break. 


SPEED—Simply place the prepared sample in the 
middle tube in the base, move the slide across 
until the colors match and .. . there’s the value. 


FOR COMPLETE RELIABILITY—Specify and Use Taylor 
Indicators and Buffers. Available in crystalline form 
or in solution, specially prepared in our own labora- 
tory. Guaranteed pure and uniform. Shipped in resis- 
tant glass bottles. 


See your dealer or order from the following list: 


Indicator Solution Vials | 50ml. | 100m1./ 250m1.| 500ml.) 1000ml. 


NEW surertes 
MICROPETTE 


PAT. APPLIED FOR 


Dependable, auto- 
matic; comes apart in 
9 seconds. Measured 
volume discharged 
from a surplus in the 
= rapidly and uni- 
ormly. Possible accu- 
racy + .001; capacity 
0.7 ml. Available 
through scientific appa- 
ratus dealers. ie 


Write for illustrated 
folders about our 
Pipettes, Burettes. 


Allied Dicknell 


Manufacturers of Scientific Apparatus 
CAMBRIDGE 39, MASS. 


Acid Cresol Red......... $0 
Acid Meta Cresol Purple 
Bromphenol Blue........ 
Bromcresol 


» All Prices F. O. B. Baltimore 


Write for Afeestios on Taylor crystalline in- 
dicators or buffer salts, solutions and mixtures. 


W. A. TAYLOR “%° 


416 RODGERS FORGE RD. + BALTIMORE-4, MD. 
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*Sold in solution form only. 


THE FRANZ 
KYMOGRAPH T!IME-MARKER 


@ HAS A WIDE? RANGE IN ONE UNIT 


10.2 sec. to 69 sec. divisions) 


@ REQUIRES NO ADJUSTING WHEN 
CHART SPEED IS CHANGED 


@ YIELDS THE FINEST READABLE DIVISIONS 
AT ALL CHART SPEEDS 


@ TRACES AN INSTRUMENT-LIKE SCALE, 
NOT A HIEROCLYPH 


@ INDUCES NEATNESS IN STUDENT'S WORK 
@ IS ACCURATE, CONVENIENT, DEPENDABLE 


TES FROM LIGHT CIRCUIT 
(110 volt 60 cycle A.C. 


Price complete in carrying case, for soot-writing 
type $20.00; for ink-writing type $25.00. 
Order [rom 
FRANZ MFG. CO., INC. 
New Haven 11, Conn. 
Literature Available 
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FOR 


LAB-TRONICGS, Inc. is an organization of internationally 
known medical and engineering research scientists dedicated 
to the development, design, and manufacture of precision 
apparatus for research in many scientific fields, employing 
the most advanced techniques in electronics and engincering. 


Included in the apparatus manufactured are precision in- 
struments of advanced design for research in Physiology, 
Neurology, Histology, Biochemistry, Pathology, Neurosur- 
gery, Physical-Chemistry and Biophysics. 


Inquiries are invited pertaining to the design and develop- 
ment of new precision apparatus or the modification of L-T 
apparatus for specific needs. 


Typical of Lab-Tronics engineering skill and advanced 
design are three specialized units illustrated below. 


FOR PHYSIOLOGY 


FOR PATHOLOGY FOR NEUROPHYSIOLOGY 


L-T NEURO STIMULATOR 
Model N-104 


Provides precise determination 
of threshold irritability and 
conduction characteristics of 
nerves, muscles, etc. 


L-T ELECTRO DECALCIFIER 
Model E-112 


For Electrolytic decalcification 
of boney tissue in the prepara- 
tion of Histological sections for 
microscopic study. 


L-T STEREOTAXIC 
INSTRUMENT Model G-101 


For cats, monkeys, rats. Used 
in the coordinate placement of 
Pickup, Stimulating, and Coag- 
ulating clectrodes in brain and 
spinal cord. 


Write for detailed information and literature on these and other scientific equipment. 


LAB-TRONICS, INCORPORATED 


1115 W. WASHINGTON BLVD., DEPT. E. 


CHICAGO 7, ILLINOIS 


October 6, 1950 17 
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LIPPINCOTT 
SELECTED 
PROFESSIONAL 
BOOKS 


nd edition on current advances 


The Rat in Laboratory 


Investigation 


edited by Edmond J. Farris, Ph.D., Associate Member in Anatomy, 
Executive Director, The Wistar Institute of Anatomy and Biology; 
and John Q. Griffith, Jr., M.D., John Q. Griffith, Jr., Research 
Foundation, Philadelphia, formerly Associate in Medicine, University 
of Pennsylvania. 

With 29 Contributors. 


This definitive book on the albino rat, which was developed at 
the Wistar Institute for laboratory investigation, is revised in a new, second edition. 


Current findings in the economical feeding and breeding of the 
rats and their use in experimental biology are presented. The material on drugs by 
Dr. Harald Holck of the University of Nebraska has been entirely revised and reset, 
and the tables on dosage and the resulting effects are brought up-to-date. There is 
new material on histologic, staining and calcification methods. 


Contributions by 29 authorities in the field make up the text, 
including a chapter on ““Gross Anatomy” by Eunice C. Greene. Here is a compre- 
hensive and reliable source book on the use of the albino rat in laboratory research. 

2nd Edition. 542 Pages. 179 Illustrations. $15.00 


J. B. LIPPINCOTT COMPANY, E. Washington Square, Phila. 5, Pa. A 
sod Investigation, $15.00 Lippincott 
Name. ( Cash enclosed 
Address 
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and 


LABORATORY 
CAGES 


EQUIPMENT 


Laboratory Animal Equipment for your every need 


What's your problem? Is it housing a large number 
of laboratory animals in a limited space or finding 
that “special answer” to an unusual cage need? 
There is a Bussey cage and rack to end your search. 

We make cages, racks, automatic watering 
systems or complete equipment for the housing 
and sanitary care of all laboratory animals. Bussey 
Products Co. offers complete cage units that assure 
maximum efficiency, compact sizes and minimum 
work for the user. 


The improved “Permaweld” welded-wire construc- 
tion is a result of top-notch engineering. Our 
modern production techniques permit price econ- 
omy. The results éan’t be beat. Hundreds of the 
country’s leading Jaboratories can tell you that. 

Need help on a tough “special problem”? 
Our engineers will gladly assist you with any size 
and type of cage or rack to meet your special 
applications. Just write for our catalog or submit 
your specifications. 


BUSSEY PRODUCTS CO., 6000-19 W. Sist St, Chicago 38, 


October 6, 1950 
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SMALL ANIMAL RACK 
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Immediate Delivery! 


20-unit Circular type 
Room temperature to 60° C. 


ee 20-unit circular Refrigerated type 
0° C. to Room temperature 


10-unit Rectangular type 
Room temperature to 60° C. 


Reaction vessels, manometers, and 
accessories in stock 


ens E. MACHLETT & SON 


ESTABLISHED 1807 


Laboratory APPARATUS SUPPLIES + CHEMICALS 
220 East 23rd Street: New Yor« 10,N.Y. 


ELECTRONICALLY REGULATED 


B for investigational use: 


HIGHLY POLYMERIZED 
DESOXYRIBONUCLEIC ACID 


Mirsky and Pollister, J. Gen. Phys. 30, 117, (1946) 


© INPUT: 105 to 125 VAC, 50-60 cy CRYST, ae 
© OUTPUT #1: 200 to 325 VDC at 300 ma 
regulated 


© OUTPUT #2: 6.3 Volts AC CT at 5A 
unregulated 

© OUTPUT #3: 6.3 Volts AC CT at 5A 
unregulated 


RIPPLE OUTPUT: Less than 10 milli R ¥ S TAL S 


other new products also available 


\ | LAM I DA EL, EC T R () \ | ( \ WRITE FOR NEW DESCRIPTIVE PRICE LIST 


cork OR AT 1 0 LABORATORY 


CARBOXY PEPTIDASE 
Anson, M. L., J. Gen. Phys. 20, 663 (1937) 


CORONA NEW YORK Freehold, New Jersey 
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ARCROFT-WARBURG APPARATUS 
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STABLE 
e 
MODEL 32 
STANDARD 
. . 
MOUNTING 
PANEL SIZE 
104." x 18 
DEPTH 9° 
WEIGHT 38 
20 


WAR SURPLUS OPTICAL BARGAINS 


YOUR YOUR CHANCE TO SAVE REAL MONEY! 


MAKE A MICROSCOPE—cet wonderful results. Own an 
instrument worth many times the cust to you. Simply con- 
vert a U.S. Gov't Ridescope (Govt. cost over $65.00). It's 
e:sy! We show you how. No machining required. Get up 
to 40 l’ower. Scope we furnish is used ‘Dut geod condition 
. sent complete with extra lenses and direction shevt. 

w ane —See above project, to simplify and speed up 
work— 


ASSEMBLE YOUR OWN BINOCULARS! 


Complete Optics! Complete Metal Parts! 
Save More than % Regular Cost 
GOV'T 7 x 50 BINOCULARS 


Here's an unusual opportunity to 
= secure a tine set of Binoculars at 
a substuntin! saving of money. 


Offered bere are complete sets of 
Uptics and Metal Parts for the 
7 x Binoculars. These com- 
ponents are new and all ready 
fur assembly. We supply full in- 
structions. 

METAL PARTS—Set includes all 
Metal Varts—cuompletely tinished 
-fur assembly of 7 x 50 LBinocu- 
lars. No machining required. A 
sturdy Binocular Carrying cnse 
is optional with each set of Metal 
Darts. 


plus $4.80 for Case—Total—s$Hi 20 

OPTICS—Set includes all Lenses and Prisms you need for 
assembling 7 x 50 Ltinoculars. These Optics are in excellent 
condition—perfect or near perfect—and have new low re- 
flection conting. 

Stock #5102-W ....... 7 x SO Optics ....... 5.00 Postpaid 
(These are standard American-made parts... nut Japanese.) 
NOTICE: Add 20% Federal Excise Tax if you buy both 
Linecular Optics and Metal Darts. 


SPECIAL! SPECIAL! 
RONCHIRULINGS 


Black Line Grating 
Plate glass with etched parallel black lines—space between 
each line is sime as thickness of the ruled line itself. Made 
by Photographic process. Number of lines per inch ranges 
from 65 to 133 as shown below. Normally cost $400 to $500 
per sq. inch. Used for testing astronomical mirrors, testing 
microscope objectives and magniliers, used in pairs to see 
diffraction p .ttern. 
(Some seconds, with slight scratches) 


1 in, x 1 in, . x 2 in. 

Stock Lines Stock Lines 

No. ‘er In. Price No. er In Price 
2122-W 65 $ .75 | 2133-W $1.50 
2126-W 2131-W 150 
2127-W 110 100 | 2136-W 110 200 
2128-W 120 100 | 2137-W 120 200 
2129-W 100 | 2138-W 2.00 

All above sent l’ustpaid. 

MOUNTED ANASTIGMAT LENS—What a buy! §& 
F 35. F.L 2”. Use for 35 mm, Projectors, Movie l’ro- 
jectors, ‘Mie viewers, Enlarging, etc. 
Stock #8011-W ..... $2.40 Postpaid 


NON-ABSORBING BEAM- SPLITTING MIRROR—L «test 
development! fiut to 4 wave length. Size: 
1-15/16”" x 2-15/1 thick. Reflects approximately 50% 
and transmits 50%. No light is absorbed. 
Has a three-layered film which accomplishes non-absorption, 


POLAROID VARIABLE DENSITY ATTACHMENT—Con- 
sists of two mounted Polaroid filters. Control knob rotates 
one about the other giving variable density. Used in photog- 
raphy, experiments in polarized lights, controlling light 

transmission, etc. Stock 7693-W $3.00 Postpaid 


LOOK AT THIS BARGAIN! 


MOUNTED PROJECTION LENS—Speod P19... FT. 15 
mm. $22.00 velne for 875). Low Reflection Coated. Teed on 
8 or 16 mm. Movie lrojectors ... or to make a Desk Viewer 
or Feiter . for 16 mm. Miero-film Reader . . for Con- 
tour Protector for very small items. 
LENS CLEANING TISSUF—Ist quolity, "sheet size 11” x 74", 
Mode to Gov't, spec. Free of abrosives. Ligh wet strength. 
Steck .... sheets .......... $1.00 Poxtpaid 
SLIDE PROJECTOR SETS—Consist of all unmounted lenses 
you need to make the following size projectors: 
Stock 21028-W 4 4%” 
2%” x 3%". 


Stock #4039-W 

$1200 00 VALUE for 
SCISSORS TELESCOPE—(Gives 100 stereo- 
scopic power thon the unaided eye. Binoenlir type. Di 
field of view. 12 power. Furnished complete with trip 
meunt and esse. Used by Army and Navy for long distance 
spotting. target observation, ete. Used but good condition. 
Shipped el Camden, N. J. (Weight approx. 79 Ibs.). 


Stock 3952-¥ 
LOOK! LOOK! LOOK! 
Sheet Polorizing Material— 
Stock #691-W ...... Pair of 1” dia. Circles ...... 20¢ Patpd. 
Stock 76u2-W luir of 2” dia. Circles 


A WONDERFUL BUY! 


Amazing Pocket-Size 
10 POWER r 


SPOTTING SCOPE 


Complete With Tripod and Swivel Tlead 
Only 5%” long—S'%” high on tripod, 
Adapted from Army telescope and worth 
many tines our price. Excellent for 
clarity and sharpness. Ilias prism 
erecting system, achromatic objective, 
Riws cen Eye-Diece. Lenses low reflection coated. Ideal 
Scope for ae and hunters. 

. $14.95 Postpaid 


SO MUCH for SO LitTLe! 


SIMPLE LENS KITS!—tuk& LENS CRAFTERS DELIGHT! 
Fun for adults! Fun for children! Kits .uclude plainly 
written, illustrated booklet mtn how you can build lots 
of optical items. Use these lenses in photography fur copy- 
ing, ULTRA C LOSE- UP SHOTS. licrophotography, for 
“Dummy Camera”, Kodachrome Viewer, Detachable Telex 
V ew Finder for 35 mm. cameras, Stereoscopic Viewer, ground 
gliss nnd enlarging focusing aids. And for dozens of other 
uses in experimental optics, building TELESCOPES, low 
power Microscopes, ete. 


Stock 22-W—10 lemnes $1.00 Postpaid 
Stock 25-W—45 lemses .... $5.00 
Btock 210-W—AO lemmes .... $10.00 Pestpaid 


MOUNTED TELESCOPE EYE-PIECE—Kellner type. Ex- 
cellent astronomical and other telescopes, War Surplas. 
Government cost about $1800. Focal length 24 mms. “8 
Diameter 23 mms. Unusually wide field. 

cn 3 Postpaid 
TERR:FIC BARGAIN! BUBBLE SEXTANT 
BRAND NEW and with Automutic Electric Averaging Device 
and Illamineted Averaging Dise for nighttime use. Govt. 
cost $217. Though brand new, we have re-checked Bubble 
and Collimation and uirantee perfect working order. 
Price includes wooden Carrying Case. Full directions for 

use accompany each shipment. 
W $22.50 Postpaid 
BUBBLE SEXTANT—TYPE A-8A. Excellent condition Put 
may be slightly used. Each has been carefully checked and 
collimated. Averaging device for nighttime use. Carryin 
and instruction booklet Gov't cost abow 
$325.00. Stock #046-W ........ $32.50 Postpaid 
TELESCOPE EVE-PIECE—Consists of 
2 Achromatic lenses F.L. 28 mm. in a 
metal monnt, 


TICS}, IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


We Hove Literally Millions of Wor Surplus 


Types of Ins 


Stock #5140-W ..... $1.50 Postpaid 


\Wite for FREE CATALOG W 


EDMUND SALVAGE COMPANY - BAR 
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Give point to your lectures with the 


POINTER 


The perfect precision pointer for the lecturer who requires 

a sharply defined arrow-image which clearly indicates the 

specific point of discussion at greater projection distances. 

* Uses standard, readily-available, easily replaceable 32 candle-power, low- 
voltage automotive lamp. 

* Operates on ordinary house current, 115 Volt AC, with transformer built 
into DELUXE, permanent carrying case. Complete unit Underwriters’ approved. 

* Made from precision, lathe-machined, light-weight metals, completely 
anodized. Perfectly hand-balanced with feather-touch momentary switch. 

* Aspheric, highest-efficiency optical system, projecting a crisp, sharp, intensely 
brilliant arrow on the screen for extra-long projection throw. 

* Helical, micro-focusing ground and polished objective. 

* Supplied with full 25 feet of detachable line cord—all contained in solid 
wood-framed leatherette-lined fitted instrument case. 


LIST PRICE and i 
200 North Water St., Peekskill, N a ae 


we 

+++ 

rit 


(<> ABURE 


/ You can depend on Purina Laboratory Chow for 
uniform results—because it’s a “uniformula” 

’ ration. The same formula governs the blending 
f of top-quality ingredients year after year. You 

get dependable feeding results through genera- 

tions of laboratory animals . . . a definite advantage 


bac ae with experiments extending over a long period 
+ tg of time. Order Purina Laboratory Chow through 
the Purina Dealer nearest you. 
Ralston Purina Com 
1704 Checkerboard 
St. Louis 2, Missouri 
Please send me your 26-sege b andbook on the care and 
PURINA feeding of laboratory animals (SP4629). 
LABORATORY TT TTT TT TT TIT TT oe 
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®@ For Photo-Micrography, Projec- 
tion and Research 


@ Intense Point Source of Light 


® Correct Color Temperature for 
Color Photography 


®@ Steady Light Source—No Flicker or Wandering 


USING THE 


MODEL B, 100 watts MIKRARK, with full power unit and 
$315.00 


J. BEEBER CO., ine. 


for use on AC, 110-120 volts, 50-60 cycles. 
Fed. Excise Tax—$3.31 


838 BROADWAY, NEW YORK e AL 4-3509 
1109 WALNUT STREET, PHILADELPHIA, PA. 


MIKRARK ILLUMINATOR 


The Mikrark series of illuminators 
provides a practically ideal light for 
microscopy and photomicrography. 
The color temperature is such that 
full color pictures can be made 
without the use of correcting filters. 
Write to J. Beeber Co., Inc. for 
further details or demonstration. 


KI 5-0646 


October 6, 1950 
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Ge: 
in 
| 3. BEEBE 
New 
LIRCONIUM ARC LAMP 
| | BRILLIANT, COOL BEAM OF LIGHT. CORRECT COLOR TEMPERATURE 
Sia 


SPECIALIZED INSTRUMENTS CORP. 


605 O'Neill Ave. @ Belmont, California 


QUIET 
ELECTRIC 
DRIVE 


Powerful electric drive of Spinco Ultracen- 
trifuge is quiet, dependable, safe against 
damage from power failure. Driving 
parts run in mist of oil; drive motor 

and internal parts are water cooled. 

Long runs can be made without 
special attention. Speed control 
and determination are precise 
at all speeds. Send for your 
copy of descriptive catalog. 


WORLD-WIDE 
ACCEPTANCE 


Student Wedel 
RECTANGULAR WAVE STIMULATOR 


A revised S-3 stimu- 
lawor with added tea- 
tures tor student and 
lavuratory use. Many 
teulures Which were 
here-to-fore available 
wilh CApetioive 
research stimuiatofs, 
are wow availabe in 
a low cust general 
purpuse instrument 
produced by the Bio- 
Evwetrume Laboratory. 
The Uiree parameters 
(repelilion fale, pulse 
width, voulpul Volts) 
of the rectangular 
wave can be cuntroiied 
independently with no 
interaction,  permit- 
ting a stable repro- 
ducible stimulus. 
RECTANGULAR PULSE OUTPUT, (less than 5 microsec. rise time). 
VARIABLE PULSE DURATION contro! from .1 to 3 milliseconds. 
Repetition rate trum .5/see. to 250/sec. (approx). 

Voltage output is continuously variable from O-70 volts, in three 
steps as follows: O to 1; O to 5; O to 70. The zero to one volt scale 
is excellent for establishing the STRENGTH DURATION CURVE 
of Various excitable tissues. 

CALIBRATED SPOT FREQUENCIES provided on dial. 


Frequency is INDEPENDENT 
OF VARIATIONS IN LINE 


Frequency, pulse width, and output can be indepen ly varied 
WITH NO INTERACTION. 
CALIBRATED OUTPUT VOLTAGES provided, permitting the 
tissue to be stimuiated at ony predetermined output voltage. 
CALIBRATED PULSE WIDTH contro! provided, permitting stimu- 
lation at any predetermined pulse width, 

SINGLE STIMULUS switch provided for manual triggering. 
SIGNAL MAGNET connections available. 

Adequate fusing. Tube complement 5V4 VR150 2050 6116 GSN7 


6SN7 GSN7. Cabinet size 12 x 7 x 7Ve. Vunel size 12 x 7, Ve" 
aluminum. Operation for 115 volts GO cycles. 


BIO-ELECTRONIC Laboratory 


BOX 1121 
NEW HAVEN, CONN. 


Yew! FARRAND 


THERMOCOUPLES 
HORNIG TYPE 


A fast thermocouple of extremely high sensitivity. 
Suitable for thermal measurements of chopped or 
modulated radiation at frequencies up to 10 cycles 
per second. Active 
target surface } mm. 
square. Spectral 
range with KBr win- 
dow 0.3 to 25 mi- 
crons. Resistance 
between 6 and 10 
ohms. DC sensitiv- 
ity — greater than 6 
volts/watt. Time 
constant approxi- 
mately 35 milli- 
seconds. 

Available types — 
Mounted - Unmount- 
ed — Compensated- 
Uncompensated — 
Evacuated and with 
charcoal trap. 
BULLETIN 805 ON REQUEST 


FARRAND OPTICAL CO., Inc. 
BRONX BLVD. & E. 238TH ST. NEW YORK 66, N. Y 
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- | Parker's METHODS of TISSUE CULTURE 


New 2nd Edition By Raymonp C. Parker, Pu.D., Research Associate, Connaught 
Medical Research, and Associate Professor of Experimental Cytol- 
ogy, Univ. of Toronto, 320 pp., 113 illus., $7.50 


Reynolds’ PHYSIOLOGY of the UTERUS 9 


New 2nd Edition By S. R. M. Reyno.ps, Pxa.D., Physiologist, Department of Em- 
bryology, Carnegie Institution of Washington, Baltimore ; Lecturer 
in Obstetrics; Johns Hopkins Univ. School of Medicine; 609 pp., 
75 illus., 1 color plate, $12.50 
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7Wo MORE TEACHING ADVANTAGES 


NO CHANGE IN PRICE! 


Instantaneous focusing with 
CERTAIN accuracy 


Save time, eliminate error! Simply insert the 
specimen slide in the prefocusing gage...a 
quick turn of the coarse adjustment brings 
gage and slide in contact... and the slide is 
placed on the stage... IN FOCUS! 


NEW! Improved image quality 


New 4mm and 16mm parfocal objectives 
with improved resolution and image quality 
—one with yellow knurling, one with green, 
so you can see at a glance that the correct 
objective is in position. 


See THE DIFFERENCE 
with a DEMONSTRATION 


See how you save valuable class time 
...- how much more quickly and easily 
your students learn proper microscope 
technique... with the many advantage- 
features of the “FL” Microscope. 


WRITE for a demonstration and lit- 
erature to Bausch & Lomb Optical Co., 
642-DD St. Paul St., Rochester 2, 
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Instrumentation for Radioactivity’ 
George F. Pieper? 


Tracerlab, Inc., Boston, Massachusetts 


ITH THE ADVENT of the nuclear 
chain-reacting pile as a result of war- 
time research in the field of atomic ex- 
plosives, an extremely important tool 
became available for widespread use shortly after the 
close of the war. The immediate large-scale avail- 
ability of radioactive isotopes, the by-products of 
bomb manufacture, has paved the way for the intro- 
duction of new methods and tools into industry, meth- 
ods that may well enable us to deal simply with prob- 
lems hitherto insoluble, tools that high costs have 
previously confined to the research laboratory. 

The usefulness of radioactivity stems from its abil- 
ity to make its presence known through the disinte- 
gration of unstable nuclei, with the emission of energy 
in the form of electromagnetic radiation or high-speed 
particles. Regardless of the particular application of 
a radioactive isotope, suitable means must be employed 
to establish the amount of activity present, or to deter- 
mine what changes have occurred in the flux of radi- 
ation at a given surface in space as a result of other 
factors—for example, changes in geometry or changes 
in interposed absorbing material. The purpose of this 
paper is to review briefly the instruments required for 
the detection of the presence of radioisotopes. A 
number of excellent articles (1) that cover this sub- 
ject, or sections of it, more thoroughly can be found in 
the literature. Several texts (7) also have chapters 
devoted to various phases of instrumentation. 

The most common forms of radiation-detecting de- 
vices are based upon the ionization produced in gases 
by quanta and high-speed particles. Of these defec- 
tors, the simplest is the ionization chamber. This is 
an electrical device that measures the number of ion 
pairs produced by a particle or quantum in passing 
between two electrodes. Although any shapes may be 
used, most commonly the electrodes are constructed 
in cylindrical or plane parallel geometry, and an ap- 
propriate fill-gas is enclosed in the space between 
them. If such a chamber is exposed to a constant 
intensity of radiation, and the ionization current is 
measured as a function of the voltage applied between 

1The advice and encouragement of Eric T. Clarke and 
Marvin G. Schorr in the preparation of this paper are grate- 
fully acknowledged. 


2 Now at Sloane Physics Laboratory, Yale University, New 
Haven, Conn. 
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the electrodes, the current is found to increase with 
voltage quasi-exponentially to a constant value, a re- 
sult of the phenomenon of recombination. When the 
fraction of ions lost by recombination goes to zero, 
a saturation condition is reached at which no further 
increase in current is obtained with moderate increase 
in voltage. Ionization chambers are most frequently 
operated in the saturation region, because here fluc- 
tuations in voltage are not important. 

Ionization chambers may be used to record the pas- 
sage of a single particle through them; in fact, they 
are able to distinguish between different types of radi- 
ation as a result of the different ionizing abilities of 
the various nuclear emissions. In this ease the shape 
of the voltage pulse that appears on the collector elee- 
trede is extremely important. More frequently, cham- 
bers are used to measure the average ionization current 
resulting from a steady flux of radiation. Here sta- 
tistical variations in the average current are observed, 
and these variations depend for their magnitude on the 
average radiation flux and the time constant of the 
chamber circuit. 

Tf the ionization produced by alpha particles is to 
be measured in an ionization chamber, the “window” 
through which the alphas are introduced must be very 
thin, certainly less than 5 mg/em?. Thin sheet mica 
or stretched nylon or Zapon films about 1/10,000 inch 
thick, made conducting by a negligibly thin coat of 
colivida! graphite, make satisfactory alpha chamber 
windows. Such chambers operate at atmospheric 
pressure; hence the window will not be subject to a 
pressure differential. The problem in designing a 
chamber for use with beta particles is not one of win- 
dow thickness (unless very low-energy particles are 
being measured), but is rather one of obtaining a 
maximum energy absorption in the gas. Ionization 
currents can be increased by the use of dense gases at 
high pressure, but even then only a fraction of the 
energy of a fast beta particle is expended in gas ion- 
ization in a chamber of average size. Still different 
considerations dictate the design of a high-efficiency 
gamma ray ionization chamber. Here interest lies in 
converting the photons into high-speed electrons by 
means of the photoelectric effect, Compton effect, and 
pair production. These electrons will then produce 
ion pairs in the fill-gas. To have an efficient gamma- 
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to-electron conversion, the window should be of a ma- 
terial having a large gamma-ray absorption coefficient, 
such as tantalum, tungsten, or lead, and the thickness 
of the window should be approximately equal to the 
range of the most energetic secondary electron.* For 
still higher efficiency, the chamber may contain added 
plates similar to the window. 

Almost any gas may be used as a fill-gas in an ion- 
ization chamber; in general, the densest ionization con- 
veniently obtainable is desired in the gas. This can be 
achieved by the use of argon or krypton, at high pres- 
sures if necessary. For air at atmospheric pressure, 
a field of several hundred volts per centimeter between 
the electrodes is needed to establish a saturation con- 
dition. Smaller field strengths are required for satu- 
ration in very pure gases, such as hydrogen, nitrogen, 
and the inert gases in which negative ions are not 
formed by electron attachment. In purified argon 
(not ordinary tank argon) at pressures of 7 atmos- 
pheres a field of only 70 volts/em is necessary (6), 
although the field strength required for saturation in- 
creases rapidly with increasing gas pressure. 

A proportional counter is an ionization chamber in 
which the number of ion pairs is increased by collision 
in a region of high electric field. Such counters are 
most useful when the initial ionization is lower than 
that which can be measured by using an ionization 
chamber, or when it is desired to detect one type of 
radiation in the presence of another. If an ionizing 
particle passes through the gas of a eylindrical pro- 
portional counter with a positive center wire, the elee- 
trons will be foreed toward the wire by the low field 
(proportional to 1/r) until, they reach the immediate 
vicinity of the center wire. In the large field near 
the wire, the initial electrons will produce other elec- 
trons by collisions with the gas atoms or molecules, 
and avalanches will oceur. For each initial electron, 
A electrons will reach the wire, where A is called the 
gas amplification factor. It should be noted that the 
voltage pulse on the center wire arises from the motion 
of the positive ions formed in the avalanche as they 
move away from the wire, producing a pulse with a 
very short rise time because electrons are produced 
too close to the wire (within a few mean free paths) 
to give rise to any appreciable induced voltages. The 
gas multiplication factor A will usually have a value 
of the order of 10°; hence an alpha particle that pro- 
duces about 10° ion pairs and a beta particle giving 
rise to, say, 100 ion pairs, will produce pulses corre- 
sponding to 10° and 10° ions, respectively. A dis- 
criminator in the associated electronic circuit can 

Optimum conversion thickness is given somewhat more 
accurately by ene | Me—w, Where uw, is the gamma ab- 


By 
sorption coefficient, and u, is the absorption coefficient of the 
electrons. 
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easily be adjusted to detect alpha particles in the pres- 
ence of high intensities of beta and gamma radiation. 
To detect betas in the presence of gammas is usually 
more difficult, but if enough difference exists in their 
energies, it can be done in this way. In the propor- 
tional region, A—and hence the pulse size—will vary 
rapidly with electrode voliage, and it is necessary to 
use well-stabilized power supplies or many miniature 
batteries. If possible, an argon-carbon dioxide or a 
hydrogen-methane mixture should be used for a fill- 
gas. Both require less voltage than most other gases 
and both give stable operation, with good time reso- 
lution. 

The theory of the operation of Geiger counters is 
very complex (9). A Geiger counter is a propor- 
tional counter in which the applied voltage is high 
enough for the gas multiplication of the initial ions to 
produce a discharge that spreads along the entire 
length of the wire. Gas multiplication ceases when 
the combination of the space charge that is due to the 
positive ion sheath and the motion of the sheath away 
from the anode lowers the field below the multiplica- 
tion threshold. The size of the pulse produced by a 
counter of this design is independent of the nature 
of the ionizing event; it is usually great enough to 
allow recording of the pulse without further ampli- 
fication. Usually there is a delay averaging a few 
tenths of a microsecond between the ionizing event and 
the start of the rise of the Geiger pulse. The pulse 
ordinarily reaches usable size in a fraction of a micro- 
second. Pulse length is several microseconds, being 
determined by the time constant of the amplifier input 
cireuit. The counter is then dead for a period of a 
few hundred microseconds and then gradually recovers 
in a period of comparable length. Ionizing events 
occurring during the dead time cannot be recorded; 
those occurring during the recovery time are recorded, 
but as pulses of reduced size. 

The common Geiger counter uses a thin wire as an 
anode and a coaxial metal cylinder as a eathode. The 
whole arrangement is enclosed in, or forms part of, 
an airtight chamber that may be evacuated and filled 
with suitable gases, usually at reduced pressure. The 
characteristic feature of counters used today is the 
inclusion of a polyatomic gas as a part of the filling. 
Numerous filling mixtures have been tried, a common 
one being 9 parts argon to 1 part ethyl alcohol at a 
total pressure of 10 cm of mercury. Other polyatomic 
vapors, such as methane, butane, acetone, xylene, and 
amy! acetate, may also be used. Counters containing 
such gases are commonly called “self-quenching” ; they 
might be more accurately termed “non-self-reiniti- 
ating.” The role of the polyatomic molecules (8) is a 
dual one: to absorb ultraviolet quanta and thus elim- 
inate the possible occurrence of the photoelectric effect 
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at the cathode, and to prevent secondary electron ejec- 
tion by positive ions at the cathode. In an argon- 
ethyl aleohol Geiger counter, the positive ion cloud 
will contain both kinds of ions. Since the ionization 
potential of argon is 15.7 ev and that of ethyl! alcohol 
11.3 ev, in a collision between an argon ion and an 
alcohol molecule it is energetically possible for the ion 
to obtain an electron from the organie molecule. It 
is not possible, however, for the opposite process to 
oceur—an alcohol ion eannot become a neutral mole- 
eule while producing an argon ion. Since each ion 
may make as many as 10° collisions in crossing the 
counter, the ion cloud reaching the cathode will con- 
sist entirely of aleohol ions. The ions that approach 
very close to the eathode surface will pull electrons 
from the metal and become neutral molecules. Many 
of these neutral molecules will be in excited states and, 
were they argon, could emit photons or liberate a see- 
ondary electron by an inelastic collision with the 
counter wall, either of which would reinitiate the dis- 
charge. Polyatomie molecules, however, have a life- 
time against dissociation that is much shorter than the 
time required for either of these processes; conse- 
quently there is no mechanism by which the discharge 
ean be reinitiated. It is also necessary to consider the 
excess energy available when an argon ion becomes 
neutralized in a collision with an alcohol molecule. 
This excess, 4.4 ev, is radiated as an ultraviolet quan- 
tum and might conceivably reach the cathode to pro- 
duce a photoelectron and a second avalanche. Fortu- 
nately, most polyatomic molecules have broad absorp- 
tion bands in the ultraviolet; hence they absorb the 
quanta and dissociate. 

Since some of the quench gas is dissociated in each 
discharge, self-quenching counters have a finite life. 
A normal counter contains on the order of 10° poly- 
atomic molecules, and about 10°° of these are “used 
up” by dissociation at each discharge. The maximum 
counter life will then be about 10'° counts, and ecount- 
ing will probably become erratie after about 10%. 
Counters in which the quench gas is not used up have 
recently heen constructed (10) by employing very small 
amounts (0.1 percent) of chlorine, bromine, or iodine. 
These gases apparently have one excellent property: 
after they dissociate, they tend to recombine, thus re- 
pairing the quench gas for reuse. There is also a 
drawback: the halogens are all strongly electronega- 
tive gases and therefore tend to form negative ions 
that can reinitiate the discharge, producing spurious 
counts. Halogen counters, however, have been oper- 
ated successfully. 

Neutrons may be detected in gas counters of all 
three types with a fair degree of ease. Fast neutrons 
may be counted by adding some hydrogen to the fill- 
gas, for they produce recoil protons that initiate ion- 
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ization. Slow neutrons may be detected by adding a 
boron-containing gas such as boron trifluoride to the 
regular fill-gas, or by applying a thin coat of boron 
to the inner surface of the cylinder. Neutrons react 
with the B'® isotope to produce an alpha particle and 
Li’, both of which ionize intensely. Since the eross 
section for the neutron-B'’ reaction follows a 1/v 
law, where v is the neutron velocity, slow neutrons 
are counted much more efficiently than fast ones. It 
should also be noted that radioactive gases, such as 
C**0,, ean be counted in any type of gas counter by 
using the active gas as a part or all of the fill-gas. 

For counting weak beta samples, such as C'* or S*, 
a windowless flow counter is desirable. This is essen- 
tially a shielded Geiger tube into which solid samples 
are inserted directly, and through which a constant gas 
flow is maintained to prevent air contamination. 

There are many other instruments available for the 
detection of particles and quanta. These include elec- 
troscopes, electrometers, cloud chambers, electron mul- 
tipliers, scintillation counters, erystal counters, and 
photographie films. Of these, the last four named 
are the most frequently employed. Photographic films 
are widely used in radiographic work of many varie- 
ties. They can be manufactured with emulsions that 
are sensitive to various ranges of radiation intensity 
and, to some degree, selectively sensitive to different 
types of radiation. They can be utilized for purposes 
ranging from the determination of casting flaws and 
the radiation exposure of personnel to the investiga- 
tion of the tracks of single particles. 

A erystal counter may be made by plating or paint- 
ing electrodes on the sides of an appropriate crystal 
and applying a potential difference across the erystal. 
A pulse is produced when an ionizing particle raises 
electrons to the erystal’s conduction band. Crystals 
have the advantages over Geiger counters of fast- 
rising pulses, no delays in pulse formation, a dead 
time of about 10°° second, small size, and high effi- 
ciency for counting energetic quanta. Whether erys- 
tals of a given material will count seems to depend 
upon purity and erystal perfection. Some that have 
been reported (13) suitable for counting are silver 
chloride, zine sulfide, diamond. and thallium bromide- 
thallium iodide. Silver chloride is an easy erystal to 
obtain commercially, but its counting properties, un- 
fortunately, depend markedly on the way in which 
it is prepared and handled. Diamond is probably as 
good a counting erystal as any, and fortunately there 
is no correlation between counting ability and price. 

In another new and very popular counting tech- 
nique, radiation is allowed to fall on a erystalline 
phosphor that stops part, at least, of the radiation 
and passes on a portion of the energy thus obtained 
in the form of a scintillation of light quanta. This 
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flash of light, which is of very short duration—about 
10 microseconds’ decay constant at the very most—is 
then reflected onto the photosensitive cathode of an 
electron multiplier tube or photomultiplier. The pho- 
tomultiplier then transforms the light pulse into an 
electrical pulse of sufficient amplitude to actuate a 
sealing unit. The advantages of scintillation coun- 
ters over Geiger counters are the same as those of 
erystal counters. Zine sulfide is generally used as a 
phosphor for alpha counting, whereas naphthalene, 
anthracene, and trans-stilbene are good examples of 
organic phosphors that may be used for beta and 
gamma detection (12). Efficiencies of 20 percent 
have been reported (2) in counting gamma rays of 
about 1 mev, using naphthalene, in contrast to the 
usual 0.1-1 percent efficiency of ordinary Geiger coun- 
ters. Recently the scintillation properties of certain 
liquids have been under investigation. The most prom- 
ising solution discovered by the Princeton group (11) 
consists of 0.5 g of terphenyl in 100 ml of m-xylene. 
This solution counted almost as well as a fairly good 
naphthalene erystal. Recently phenyleyclohexane has 
been found to be a slightly better solvent (5). Appli- 
eations of liquid scintillation counters with solutions 
of activities should be forthcoming soon. 

The photomultiplier tube most frequently used in 
scintillation counting is the RCA type 5819. In it one 
or more photoelectrons from the cathode are multi- 


' plied to a readily measurable number by the ejection 


of more than one (usually 5-8) secondary electrons 
per incident primary at each of 10 successive anodes. 
Photomultipliers are sometimes used by themselves for 
radiation detection, although in most cases efficiency 
is not high. They also have one very undesirable 
characteristic—a residual noise or dark current is 
always present in the output of the tube as a result 
of leakage across insulators and of thermal emission 
from the low work function photocathode. This is 
usually not important in the case of alpha detection 
and may be eliminated in working with betas and 
gammas by cooling the tube to liquid air temperature. 
For scintillation counter work, an even better method 
is to use 2 photomultipliers in coincidence (3). In this 
arrangement, backgrounds as low as 5 counts per hour 
are not uncommon. 

At present Geiger counters and ionization cham- 
bers are the only radiation-sensitive devices that are 
available in quantity and suitably reliable for com- 
mercial application. Since the stability of Geiger 
counters over long periods of time is frequently ques- 
tionable, and their life is inherently limited, ionization 
chambers are usually employed wherever the radiation 
level is sufficiently intense. Recently some scintilla- 
tion counters have appeared on the market, and it is 
expected that they will be increasingly available in the 
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immediate future. Their advantages over Geiger 
counters are so great that they are preferable for 
most applications, particularly those in which good 
geometry is desired. 

All the radiation-detecting devices that have been 
described require some associated electronic circuit in 
order to present the information obtained in usable 
form. If an amplifier is necessary to increase signal 
size, it should reproduce as faithfully as possible the 
voltage that appears on the collector electrode, but at 
the level of 10 or more volts necessary to actuate a 
sealer or discriminator. Several excellent amplifiers 
have been designed, most of them being based on the 
Los Alamos model 501 or on the more recent cireuit 
of Jordan and Bell (4). Most of these contain dis- 
criminators, that is, a bias adjustment at some stage 
which allows the further amplification of only those 
pulses that exceed a certain minimum size. In order 
to keep the input capacity to the amplifier as small 
as possible, it is customary to mount the first stage 
or two of the amplifier as close to the counter as 
possible. For this purpose, special amplifier tubes, 
called electrometer tubes, especially constructed to 
reduce grid current, are very useful. Such tubes 
operate with low electrode voltages so that electrons 
do not acquire sufficient energy to ionize the residual 
gas in the tube. In this way grid currents as low as 
105 amp can be easily obtained—a necessity when 
the current to be measured is of the order of 107% 
amp. 

Sealing circuits are required to reduce the counting 
rate of a Geiger counter—for example, from an ordi- 
nary value of, say, 3 or 4 thousand counts per second, 
to a value that a mechanical register can handle, about 
50 counts per second. They are all based essentially 
upon the Eccles-Jordan flip-flop circuit or a multi- 
vibrator action, circuits producing one output pulse 
for two input pulses. Most sealers thus count in 
powers of 2; they can, however, by appropriate feed- 
back networks, be made to count in powers of 10, thus 
reducing the effort of extrapolation for untrained per- 
sonnel. 

By adding an integrator circuit with a long time 
constant, a scaler may be converted easily into a 
counting rate meter. Such a circuit will show little 
response to a single pulse but will adjust itself to 
the average number of pulses received over one time 
constant. There will thus be a voltage that will vary 
with the average number of pulses received per unit 
time; this can be easily measured. It is equally effec- 
tive and considerably simpler to feed the counter 
pulses directly to the integrator circuit. The only 
poor feature of counting rate meters is the fact that 
they cannot be made conveniently with accuracies of 
better than about +3 percent. 
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The Reflecting Microscope’ 


Robert C. 


Mellors? 
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HE USE OF REFLECTING SYSTEMS of 

mirror-pairs in microscope objectives extends 

the range of achromatism of the microscope 

through the entire optical spectrum—the in- 
frared, visible, ultraviolet, and vacuum ultraviolet re- 
gions. This constitutes the most significant advance 
since the microscope was designed for use in the ultra- 
violet region by Kéhler (38) and combined with quan- 
titative spectroscopic techniques by Caspersson (16). 
The reflecting microscope, which historically dates 
back about three centuries, has been developed in 
England, Russia, and the United States. Burch (14) 
in 1939 designed a reflecting objective of numerical 
aperture (N.A.) 0.65 with an aspherie mirror-pair 
of Schwarzschild (52) aplanats, spherically corrected 
and coma-free. In 1940 Gershgorin, Radchenko, and 
Brumberg (13) extended the system of Maksutov 
(43) and designed a reflecting objective with a spheric 

1 This work was done in part under a Damon Runyon 
Senior Clinical Research Fellowship of the American Cancer 
Society, and was aided by a grant from the National Cancer 
Institute of the U. S. Public Health Service. 

2 The author wishes to thank C. P. Rhoads for the oppor- 
tunities and the advice given throughout the pursuit of this 
work. Indebtedness is acknowledged to the following for 
the use of experimental models of equipment and for many 
helpful and enlightening suggestions: V. Z. Williams and R. 
Scott, of the Perkin-Elmer Corp.; A. J. Kavanagh and H. 
Weltz, of the American Optical Company ; E. R. Blout, BE. H. 


Land, and Mr. Grey, of the Polaroid Corp. ; and L. V. Foster, 
of the Bausch & Lomb Optical Co. 
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mirror-pair and N.A. 0.5. The combination of re- 
flection and refraction was used in objectives designed 
by Linfoot (41) in 1938 and by Johnson (32) in 1941. 
Grey (28, 29) in 1949 described a series of microscope 
objectives of N.A. 0.4 to 1.0 in which Schwarzschild 
pairs of spheric mirrors are combined with refracting 
components. Objectives with spheric mirror-pairs 
have been designed by Seeds and Wilkins and by 
Kavanagh (55, 37). Drew (22) has described a solid 
reflecting objective. 

Specifications for various designs of reflecting ob- 
jectives are given in Table 1. The linear obscuring 
ratio of numerical aperture has a maximum permis- 
sible value of about 0.4 (23), beyond which a deterio- 
ration of the image may occur. Burch (15) has used 
aspheric mirror-pairs to reduce the fraction of the 
numerical aperture obstructed by the convex mirror 
to 0.2 or less and has added a normal-incidence im- 
mersion lens, the surface of which is spherical and 
concentric with the axial object point, to achieve N.A. 
0.98. The transmission of all-mirror systems is lim- 
ited only by the reflectivity of surfaces and extends 
through the infrared, visible, and ultraviolet regions. 
The transmission limits of combined reflection and re- 
fraction systems are determined by the elements in 
the refracting component, which include quartz and 
fluorite. 
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TABLE 1 
EXAMPLES OF REFLECTING OBJECTIVES 


Designer Type N.A. E.F.L.M.N.  O.R. by 
Burch (14, 15) A 0.65 3.0 0.2 
AI .98 3.0 < 0.2 
Brumberg et al. (13) Ss 50 6.0 
Grey (28, 29) Ss 4 2.4 0.4 BL 
SR 2.8 0.3 BL 
Kavanagh (37) Ss 56 3.2 05 AO 
SI 85 2.8 <05 AO 


Seeds and Wilkins (55) S 0.65 2.6 94 RJB 


8, spheric, A, aspheric mirror systems. 

R, refracting, J, immersion components. 

O.R., linear obscuring ratio of numerical aperture. 

BL, Bausch & Lomb Optical Co.; 40, American Optical 
Co.; RJB, R. & J. Beck, Ltd. 


Optical systems for the application of the reflecting 
microscope to absorption microspectroscopy in the 
infrared, visible, ultraviolet and vacuum ultraviolet 
regions, and to fluorescence and emission microspec- 
troscopy are described herewith. 


INSTRUMENTATION 


I. Monochromator, reflecting microscope, and radi- 
ation detector. This system (Fig. 1) is used for 
microscopy and photomicrography: ultraviolet (12, 
39, 40, 47), visible, fluorescence (46), polarized light 
(47), and color translating (13, 40, 7, 45), and for 
microphotometry and absorption microspectroscopy 
(42, 47, 46, 54) in the ultraviolet and the visible re- 
gions, with photographic or photoelectric detectors, 
and in the infrared region with thermal detectors. 
There are two principal methods, which are the equiva- 
lents of Kohler and critical illumination, for illuminat- 
ing a reflecting microscope with a monochromator. In 
the usual method (a) the prism or the grating of the 
monochromator is imaged in the plane of the object, 
the field of the objective but not the aperture may be 
filled with light as the slit width is decreased, and all 
portions of the field are illuminated with the same in- 
tensity and spectral distribution of light. In the 
alternative method (b) the exit slit of the mono- 
chromator is imaged in the plane of the object, the 
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Fic. 1. Achromatic monochromator, reflecting microscope, 
and detector. Two methods of illumination: (a) the grating 
or prism, P, is imaged in the object plane, 0; (b) the exit 
slit, S, is imaged in the object plane, 0. Suitable detector 
is placed in the image plane, 0°. 
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dimensions of the field but not the aperture decrease 
with the slit width, and there may be variation in 
the intensity and the spectral distribution of light in 
the field. Method (a) is preferred for microscopy and 
photomicrography, whereas method (b) is useful for 
absorption microspectroscopy at high spectral resolu- 
tion. The general equation relating the optics of the 
microscope and the monochromator is as follows (42) : 

c ds 

fe fo _ ( 1 ) 


(1) 


where“ and are, respectively, the aperture num- 
bers (focal lengths divided by linear apertures) of the 
monochromator collimator and microscope objective, 
d, is the monochromator slit width, and d, and M are, 
respectively, the field of view and the magnification of 
the microscope objective. 

An example of this system is illustrated in Fig. 2. 


Fic. 2. Achromatic monochromator (a) ; reflecting micro- 
scope (b) ; plate board (c), with rotating sector and 35-mm 
camera ; and (d) objectives, polarizer and analyzer, focusing 
ground glass, and photomultiplier tube. 


The monochromator (Perkin-Elmer) is achromatic 
throughout the optical spectrum, may employ either 
a prism (quartz, calcium or lithium fluoride, sodium 
chloride) and Littrow mirror or a grating, and has 
effective aperture numbers, 4.5 and 6.0, respectively, 
in the axes of slit height and width. Accessory re- 
flecting optics designed by Scott (53) permit illumina- 
tion in accordance with method (b), Fig. 1. The re- 
flecting microscope has a condenser and objective with 
N.A. 0.72, aperture number 0.5, and design by Grey 
(29). <A rotating step sector is placed at the image 
plane for plate calibration in photographic photom- 
etry (18). A photomultiplier tube (RCA 1P28) is 
used for photoelectric photometry (8). Investiga- 
tions with plane polarized ultraviolet light are carried 
out with a modified (1) Glen-Foucault prism polarizer 
and analyzer. For color-translating ultraviolet mi- 
croscopy (40) a 35-mm camera is used, which very ac- 
curately indexes snecessive frames. A system for 
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phase contrast observations in visible light employs an 
accessory illuminator (Bausch and Lomb) which 
projects an optical annular diaphragm into the back 
foeal plane of the reflecting condenser. 

If the values for the aperture numbers of the mono- 
chromator collimator and microscope objective, to- 
gether with that for the field of view, 0.15 mm, are 
substituted in equation (1), the slit width, d,, is found 
tobe 1.8mm. At 250 my the linear dispersion at the 
exit slit of the monochromator is 2.0 my per mm for 
a fused quartz prism, so that the required band pass 
is 3.6 mp. When the microscope is illuminated by 
method (b), Fig. 1, the objective aperture and a use- 
ful, although not a complete, field of view are filled 
with a band pass of 1.2 my. 

An achromatic monochromator (Bausch and Lomb), 
especially designed by Foster (26) for the illumina- 
tion of a reflecting microscope in accordance with 
method (a), Fig. 1, has an effective aperture number, 
4.4, and a Wadsworth mounting of a 50-mm replica 
grating, which is blazed for first-order ultraviolet 
light so that there is a very high efficiency in the 
region of 230-260 my. The linear dispersion in the 
first order is 6.6 my per mm, and the band pass re- 
quired to fill both field and aperture of the reflecting 
objective with N.A. 0.72 is 10 my. 

Recent advances in instrumentation which utilize 
system (I) include a continuous recording ultraviolet 
and visible microspectrophotometer designed by Sins- 
heimer (56) under the supervision of Loofbourow 
and a color-translating ultraviolet microscope de- 
signed by Land et al. (40). The recording spectro- 
photometer has a hydrogen are source, a Wadsworth 
mounted concave grating monochromator, a reflecting 
microscope, and a photomultiplier tube as a radiation 
detector. A comparison beam from the monochro- 
mator output and the exit beam from the microscope 
are recombined, after being chopped at different fre- 
quencies, and are superimposed on the same aspect of 
a photomultiplier tube. The signals are amplified 
and separated, the comparison beam signal is used to 
control the voltage applied to the photomultiplier 
tube, and the compensated signal is then sent through 
a logarithmic amplifier into a recording potentiometer. 

The color-translating principle first suggested by 
Brumberg (7) has been utilized in a microscope de- 
signed by Land et al. (40), which makes it possible to 
use sequentially three different ultraviolet wavelengths 
and to convert the ultraviolet images so obtained into 
visible images in three primary additive colors. 
When these three images are superimposed on a view- 
ing sereen a visible image in full color is obtained. 
The complete instrument includes the following com- 
ponents: a source of ultraviolet radiation; a Wads- 
worth-type grating monochromator; an automatic ex- 


October 6, 1950 


pusure control system; a reflecting microscope witb 
optics designed by Grey (29); a 35-mm camera; a 
film-processing station for developing, fixing, and 
drying 3 adjacent frames in 10-20 seconds; and a 
triple-beam projector and viewing screen. Other 
means of ultraviolet image conversion have been con- 
sidered (34) and are under investigation. 

II. Illuminator, reflecting microscope, and spec- 
trograph. «This system (Fig..3) is used for absorp- 


Fic. 3. Illuminator, reflecting microscope, and spectro- 
graph, or spectrometer. Reflecting condenser, M,, focuses 
spectrum of source on object. Reflecting objective, M,, im- 
ages object, O, on slit, S, of spectrograph. Images, O', are 
dispersed by grating or prism, P?, and refocused by lens, M,, 
on photographic plate. In alternative method, M, reimagee 
O* at entrance slit, S', of spectrometer. For fluorescence 
spectrography suitable filter is inserted proximal to M,. 


tion (46, 42, 2, 35, 48) and fluorescence (46, 48) 
microspectrography of cells, solids, and solutions in 
the ultraviolet, visible and, potentially, the vacuum 
ultraviolet regions, and for microemission spectrog- 
raphy (42). A reflecting condenser focuses the spec- 
trum of the source on the object, and a reflecting ob- 
jective images the object on the slit of a prism or 
grating spectrograph. The images are dispersed in 
the spectrograph and refocused on the photographic 
plate as a series of discrete or overlapping mono- 
chromatic images. A condition that is to be met in 
order to fill the aperture of the spectrograph with 
light is as follows (42): 


4 M+1, (2) 
.fe fo 
where and respectively, the aperture num- 
o 


bers of the spectrograph collimator and the microscope 
objective, and M is the objective magnification. 

In absorption microspectrography a comparison is 
made between the photographie density of the spectral 
images of the source with and without the object 
imaged in the slit. For fluorescence microspectrog- 
raphy all but the exciting radiations are filtered from 
the souree. Microemission spectroscopy (42) requires 
the use of a simple reflecting objective which images 
the emission spectra in the slit of the spectrograph. 

A working example of the system is illustrated in 
Fig. 4. The apparatus consists of interchangeable 
sources of illumination for the region 230-650 my 
(Type AH~ mercury are and Hanovia hydrogen are), 
as well as an auxiliary visible phase system designed 
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Fic, 4, Illuminator (a) with mercury are above and 
hydrogen are below: reflecting microscope (b), rotating 
sector and spectrograph (c), logarithmic cam (d), and grat- 
ing monochromator (e). 


by Kavanagh (37); a microscope with a reflecting 
condenser and objective of N.A. 0.56, aperture num- 
ber 0.7, and design by Kavanagh (37) and a small 
quartz spectrograph (Hilger) with aperture number 
11. It is found from equation (2) that under these 
conditions the objective magnification required to fill 
the aperture of the spectrograph with light should not 
exceed 15. In actual practice the objective magni- 
fication is 50, so that less than the full aperture, re- 
solving power, and speed of the spectrograph is 
utilized. Aside from theoretical considerations the 
minimum practical slit width employed in absorption 
spectrography and determined by the sensitivity of 
the recording material (Kodak Spectrum Analysis No. 
1, 103-O0-UV, SWR, and Tri X Pan) and by the densi- 
tometer scanning beam is 15 p, which corresponds to a 
linear dimension of 0.3 yu in the object. A rotating 
step sector is placed at the entrance slit of the spec- 
trograph for plate calibration (6). For the detection 
of finer detail in the absorption or the fluorescence 
spectrum the photographie plate can be moved during 
exposure by means of a logarithmic cam in accordance 
with the method of Holiday (31). In fluorescence 
spectrography a set of chemical and glass filters (5, 
36) is used to limit the exciting radiations of the mer- 
eury are to band widths of 15 yu in the ultraviolet 
region from 245 to 365 my. 

System (II) has been used by Jope (35) and by 
Barer (2) for microabsorption spectrography of the 
red blood cell, employing reflecting objectives designed 
by Burch (15). Loofbourow (42) has made use of 
the method in microabsorption spectrography of 
single crystals, thin solid films, and minute quantities 
of solutions, and in microemission spectrography. 

III. Illuminator, reflecting microscope, mono- 
chromator, and radiation detector. This system has 
been used in infrared microspectroscopy by Barer, 
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Cole, and Thompson (3), by Blout, Bird, and Grey 
(4), and by Gore (27) and is indicated in the alterna- 
tive method of Fig. 3. The spectrum of the infrared 
source is focused on the object by the reflecting con- 
denser. The image formed by the objective is relayed 
by the mirror, J/,, to the entrance slit of the mono- 
chromator in a single beam recording infrared spec- 
trometer (Perkin-Elmer). Barer, Cole, and Thomp- 
son, using reflecting objectives of N.A. 0.65 designed 
by Burch, obtained infrared spectra over the region 
of 2-15 » with objects (crystals, fibers, tissues) that 
were 20-50 vu in diameter. Blout, Bird, and Grey, 
using reflecting objectives of N.A. 0.4 designed by 
Grey (40), have recorded infrared spectra of objects 
as small as 50 u and compared the spectral data with 
those obtained for macro-samples of the same mate- 
rial. In a detailed theoretical treatment of the factors 
involved, it was shown, as can be less rigorously de- 
rived from equation (2), that the useful magnification 
of a microscope objective when associated with a spec- 
trometer is equal to the ratio of the numerical aper- 
tures, respectively, of the objective and the spectrom- 
eter. A consideration of diffraction theory gave a 
value of 6 u as the minimum for two linear dimensions 
of an object whose spectrum is to be obtained with an 
ideal infrared microspectrometer having an objective 
numerical aperture of 1.5, and recording out to wave- 
length of 15 wu. The minimum value of the third 
dimension of the object, the sample thickness, is deter- 
mined by the absorption coefficients and the signal-to- 
noise ratio of the spectrometer. 

A potential hazard in the use of either system (II) 
or (III) is that the object is exposed to the entire 
spectral radiation of the source throughout the record- 
ing. In order to avoid this an infrared microspec- 
trometer based upon system (I) with an infrared 
monochromator, followed by a reflecting microscope 
and a radiation detector, is currently being designed 
(Perkin-Elmer). 

IV. Reflecting microscope with oblique illumina- 
tion. Two methods for the oblique illumination (17) 
of a reflecting microscope (a), by transmitted light 
and (b) by reflected light, are given in Fig. 5. An 
annular diaphragm in (a) is placed at the back focal 
plane of an Abbe-type refracting quartz condenser of 
N.A. 1.25 and is dimensionally equivalent to the image 
of the objective aperture at that plane. No direct 
rays from the condenser enter the objective, because 
the rays in the central cone are stopped by the convex 
mirror of the objective, those in the middle of the 
hollow cone are stopped by the annular diaphragm, 
and the rays in the outer hollow cone are too oblique. 
For oblique illumination with reflected light (b), the 
source is imaged onto the plane of the object by a 
spherical mirror in such a manner that the sum of the 
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Fic. 5. Reflecting objective with oblique illumination 
(dark field): (a) by transmitted light from refracting con- 
denser, C, fitted with annular diaphragm, D; (b) by reflected 
light from spherical mirror, M. 


angles of incidence and reflection relative to the optic 
axis exceeds the angular aperture of the objective. 
When light scattered from the object with unaltered 
frequency is imaged in the slit of a spectrograph, 
either Tyndall or Rayleigh scattering occurs, whereas 
if the frequency is changed, either fluorescence or the 
Raman effect is operative. 


APPLICATIONS OF THE REFLECTING MICROSCOPE 


Chemistry and physics. The potential usefulness 
of the reflecting microscope in systems for absorption 
microspectroscopy in the infrared, visible, ultraviolet, 
and vacuum ultraviolet regions lies in the small order 
of magnitude of the analytic sample: In accordance 
with diffraction theory the resolving power, d, of a 
microscope is given by 

1.2, 0.6 }. 

d= = Va,’ (3) 
when NA,, the numerical aperture of the objective, is 
the same as that of the condenser, NA,, and 2 is the 
wavelength. Thus, the theoretical minimum trans- 
verse diameter of the analytic sample as set by the 
resolving power of an objective with N.A. 1.5 and com- 
puted from equation (3) is 6 » (4) in the infrared 
region at A, 15yu, and 0.1 u in the ultraviolet region at 
A, 0.25 wu. The minimum cross-sectional area of the 
sample as estimated from the square of the linear re- 
suiving power of the microscope may not always be 
capable of achievement because of other limiting 
factors, such as the sensitivity of the spectrometer and 
the absorption coefficient of the sample. For this 
reason Blout, Bird, and Grey (4) have discussed the 
ultimate performance characteristics of an infrared 
microspectrometer in terms not of the minimum cross- 
sectional area of sample but of the smallest volume, a 
product of the area and thickness, which can be ob- 
served with a satisfactory signal-to-noise ratio in the 
recorded spectrum. 

Microabsorption spectra in the infrared region 
from 2 to 15 uw have been recorded on single crystals, 
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fibers, and particles with minimum cross-sectional 
diameters of the order of 20 (3) by 100 » (4), thick- 
ness of 1-100 yp, and mass of the order of 10-* to 10-* 
g (3). The infrared spectra of minute samples of 
vitamins, antibioties, hormones, and fibrous proteins 
mounted on disks of silver or sodium chloride have 
been studied by Barer, Cole, and Thompson (3), by 
Gore (27), and by Blout, Bird, and Grey (4). An 
additional application of the reflecting microscope has 
been made by Barer, Cole, and Thompson (3) in the 
use of polarized infrared radiation (20, 24, 33, 44) for 
the investigation of the internal structure of single 
erystals and fibers. These preliminary studies indi- 
eate that the reflecting microscope in systems for in- 
frared microspectroseopy will be useful in determining 
both the presence and the spatial orientation of atomie 
groupings and will contribute to the understanding of 
the physical and the chemical structure of organic 
molecules. 

Microabsorption spectra in the ultraviolet region 
from 230 to 370 mu have been determined on optically 
homogeneous samples with cross-sectional diameters 
of the order of 0.3x1 yu (46, 48) to 10x 100 pw (42), 
thickness of 1-1000 yu, and mass of the order of 10-*- 
10°*° g (2). A sensitive densitometer (Ansco), fitted 
with a cireular aperture of diameter 20-50 » and used 
with a high-speed recording potentiometer (Leeds and 
Northrup), permits a photometric analysis at a slit 
height of 50 p, which is equivalent to an object dimen- 
sion of 1 » (46) in a system of 50 times magnification. 
Loofbourow (42) has recorded the ultraviolet absorp- 
tion spectra of minute quantities of amino acids, 
purines, and pyrimidines, either mounted on quartz 
slides in the form of single erystals and vacuum-evap- 
orated solid films or placed in solution in microeuvettes 
with capacities of 0.003 ml. Finally, if the ultra- 
violet light is plane-polarized, information ean be ob- 
tained concerning the spatial configuration of abserb- 
ing groups in relation to the axis of a erystal or a 
fiber. 

Additional applications of the reflecting microscope 
to physies and chemistry aside from those related to 
spectrochemical microabsorption analysis include 
emission and fluorescence microspectroscopy. For 
microemission spectroscopy, a reflecting objective has 
been used by Loofbourow (42) to form a magnified 
image of a minute area (166 »?) of an iron are on the 
entrance slit of a spectrograph. The fluorescence 
spectra of single crystals of organic compounds in 
view of the low intensities that are often involved are 
preferably photographed at magnifications that are 
just sufficient to fill the spectrograph aperture with 
light. The relation between the spectral distribution 
of the energy of excitation and of emission can be 
studied by simultaneously photographing the absorp- 
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Fie, 6. Fluorescence spectra of (a) 20 crystal of 
s-naphthylamine with stationary and moving plate; and 


(b) human red blood cell treated with formalin. \ scale, 
mu/10. 
tion and the fluorescence spectra (Fig. 6). Oblique 


(dark-field) illumination with transmitted light is in 
some instances preferred for fluorescence microspec- 
trography and is useful for the investigation of 
seattered radiations of the Tyndall and the Rayleigh 
type. A microdensitometric tracing is made of the 
experimental spectrum, which is photographed on a 
calibrated plate and compared with a reference spec- 
trum obtained from the directly transmitted radiations 
of the source. By this means the difference between 
the relative spectral distribution of the incident and 
the scattered or the emitted radiations is determined. 

Biology and medicine. The reflecting microscope 
ean be used for microscopy in the visible region with 
bright-, dark-field, phase contrast, and fluorescence 
illumination and unpolarized or plane-polarized light 
and in the ultraviolet or infrared region with a suit- 
able means of image-conversion. The methods as out- 
lined by Jones (34) for converting an image of one 
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wavelength into au image in another wavelength em- 
ploy the photographic plate or film, the fluorescent 
sereen, and electronic devices—the image tube, the 
flying spot scanner, and the image orthicon—devel- 
oped for use in television. In the ultraviolet region 
from 0.2 to 0.4 wu and in the infrared region from 0.8 
to 1.2 u, the photographic method has been conven- 
tionally used; the infrared image tube (57) (1P25. 
RCA) is useful (25) for radiations in the neighbor- 
hood of 0.8 yu. A photographie method of image-con- 
version from the ultraviolet to visible full color has 
been ingeniously developed by Land et al. (40). 

In microscopy, in order to meet the requirements of 
image contrast and resolution, it is necessary to fulfi'l 
the usual conditions of Kihler and Abbe that: (1) the 
access of the illuminating beam to the condenser be 
controlled by an aperture diaphragm, (2) the area of 
illumination in the object plane be limited to the field 
of view, and (3) the aperture of the condenser and 
the objective be uniformly filled with light. The 
p°culiarity of design of reflecting microscope optics is 
such that at the customary position the substage dia- 
phragm is not likely to serve adequately as the sole 
aperture stop, and stray radiations may pass the 
central mirror of the condenser and be transmitted 
directly to the field of view. It is generally desirable, 
therefore, to illuminate the central mirror with a cir- 
enlar beam of light that is nearly collimated and 
dimensionally comparable in cross section to the cen- 
tral mirror. 

The reflecting microscope may be used in biology 
avd medicine for the observation, and for the physical 
and chemical analysis, of tissues, cells, and cellular 
constituents. Analytic systems inelude microscopy 
with image-conversion from the invisible to the visible 
spectrum; absorption microspectroscopy in the vac- 
uum ultraviolet, ultravielet, visible, and infrared 
regions with unpolarized and plane-polarized light; 
and fluorescence microspectrosecopy, together with 
other means of studying the transformation of ab- 
sorhed radiation. 

The natural appearance of the living mammalian 
cell in ultraviolet light was first photographed with a 
reflecting microscope and found to contrast with that 
of an injured or a dead cell (39). Microspectroscopic 
studies (47) of single living cells in tissue culture were 
carried out at a few wavelengths in the ultraviolet 
region and within limits of exposure that were not 
injurious. Spectrographie recordings (48) of the 
ultraviolet absorption of living cells were made simul- 
taneously at many wave bands from 240 to 365 mu, but 
not without eventual injury to the cell. 

When the reflecting microscope is used for the ab- 
sorption spectrography of a cell in accordance with 
system (II), the images of the cell in many wave- 


Scrence, Vol. 112 


i 
‘ 
| 
a 
4 
> 
4 
438 
2 
{ 
7 


lengths of light are brought to focus in the plane of 
the slit, and the light that passes through the slit is 
dispersed and focused on the photographie plate. 
Upon the images of the lines or of the continuum 
emitted by the source are superimposed the absorption 
patterns of the cell. The portion of the cell through 
which the incident light passes in order to gain en- 
trance to the slit is a volume bounded by two parallel 
planes, ab and cd in Fig. 7, and by the upper and 
lower surfaces of the cell. The separation of the two 
planes is 6 » for the bright line source and 2 y for the 
continuous souree. The spectromicrograph obtained 
in this manner has two components: one in the spec- 
tral, or horizontal, axis which relates the light absorp- 


Fis. 7. 
graph (c) by the area abdc. 


tion and wavelength for any morphologic component; 
and the other in the morphologic, or slit height, axis 
which indicates the absorption of various morphologic 
constituents at a particular wavelength. In collabora- 
tion with G. N. Papanicolaou, this analytic method was 
used to study fixed and unfixed squamous, parabasal, 
and abnormal cells of the cervical mucosa designated 
by Papanicolaou (49) as classes III, IV, and V, re- 
spectively, with features suggestive of, fairly con- 
elusive for, and conclusive for cancer. The ultra- 
violet spectromicrographs of portions of these cells 


cells were recorded and the extinctions (wm = Log te) 


were calculated over the region of 240-350 my. Fre- 
quency distribution data for the maximum extinctions 
at 260 my in the nuclei of cells are given in Fig. 8. 
There is both a greater average magnitude and a 
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broader range of values for the extinction in the ab- 
normal cells. Since the optical path length when esti- 
mated from the nuclear dimensions was not alone suffi- 
cient to account for the differences in the extinctions, 
and the influence of fixation was not a determining 
factor—the relative differences were comparable for 
cells treated with formalin or glycerin—it was con- 
eluded that an average increase of both the totality 
and the density of factors that account for optical 
opacity had occurred in the abnormal cell. 


Spectromicrographs, (a) with mercury are and (b) with hydrogen arc, of field indicated in phase photomicro- 
Class IV cell of cervical smear, formalin-fixed. 


scale, mu/10. 


These observations were then considered from the 
point of view of developing a quantitative, physical, 
and ultimately automatic method for scanning and 
processing smears of cells in clinical oncology. The 
use of light absorption in a scanning method is pre- 
cluded by the frequent occurrence of stratification of 
cells and the summation of effects, whereas with a 
light-emission method, such as secondary fluorescence 
photometry, the effects of stratification are not neces- 
sarily additive. For this reason, the fluorescence in- 
tensities at 365 my (Fig. 8 [b] were determined for 
cell nuclei stained with a basic fluorochrome such as 
berberine sulfate (30), under specified conditions (46) 
which limit the dye principally to nuclear structures. 
It was found that, as the morphologic appearance 
of the cell became more significantly abnormal, both 
the average and the range of relative values for the 
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smears, fixed and unfixed. 


secondary fluorescence intensities of nuclei increased. 
Whether this property can be satisfactorily and con- 
veniently utilized in the physical detection of cellular 
abnormality remains to be seen. 

The theoretical limitations in the use of optical 
methods for the quantitative study of the cell are 
emphasized by the number of factors (16, 19, 21, 47, 


51) 


that influence the absorption of light in cellular 


material: the amount, the volume of distribution, the 
spatial orientation, the photochemical reactivity, and 


21. 
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Amplifying and Intensifying the Fluoroscopic 
Image by Means of a Scanning X-Ray Tube’ 


Robert J. Moon? 
Institute of Radiobiology and Biophysics, The University of Chicago, Chicago, Lllinois 


HE X-RAY TUBE OF TODAY represents 

a considerable improvement over that of 

Roentgen at the time he discovered x-rays. 

The development of a detector for the x-ray 
shadow image has not progressed nearly so far, how- 
ever, in spite of the fact that techniques that are ap- 
plicable to this process have been known for some 
time. The commonest device for the direct observa- 
tion of an x-ray shadow image is the fluorosecope, 
which is not fundamentally very different from devices 
developed before the turn of the century. In a gen- 
eral way, the basic problem is this: to find a means 
whereby the maximum amount of intelligence as to 
the structure of an object under observation may be 
extracted from the x-ray photons that have penetrated 
it and to create a readable shadow image that may be 
viewed directly, and that is bright enough and large 
enough to show the desired detail. Such an ideal sys- 
tem would necessarily reduce the x-ray dosage to an 
object, which is important especially if it is a living 
organism. 

It was Paul C. Hodges, of the Department of Roent- 
genology at the University of Chicago, who vividly 
pointed out to me in a casual conversation the neces- 
sity for intensifying the fluoroscopic image without 
increasing the x-ray dosage to a patient, in particular 
for the fluoroscopic examination of the human ab- 

1This work has been supported in part by grants from 
the U. 8. Public Health Service, the Office of Naval Research, 
and the industrial sponsors of the Institute of Radiobiology 
and TRiophysics. 
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In addition, Tom O'Donnell and Ed Bartal, of the machine 
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project. 
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dominal region. At that time, my thoughts were con- 
cerned with the construction of a high-energy electron- 
Bremsstrahlung scanning microscope, and a search 
was being conducted for a suitable and fast detector 
for the Bremsstrahlung. The success that I. Broser 
and H. Kallman (1) had achieved with anthracene for 
the detection of beta and gamma rays suggested the 
possibility of inorganic fluorescent crystals as a means 
for detecting high-energy quanta. A search was made 
of several inorganic crystals, and a few, such as cal- 
cium fluorite, calcium tungstate, and lead barium sul- 
fate, showed extremely promising possibilities. These 
erystals had high density, a short period of fluores- 
eence—of the order of a fraction of a microseeond— 
and were transparent to their fluorescent radiation. 
The realization that such crystals existed immediately 
pointed to the possibility of a solution to Dr. Hodges’ 
problem. 

First, just what is the magnitude of the problem? 
A photographic film may be used to record a shadow 
image, although it is rather insensitive and not suit- 
able for direct viewing. After exposure and develop- 
ment, the film is generally observed at a brightness 
level of some 30 ml, at which brightness level the eye 
is capable of separating contours of 100 percent con- 
trast spaced .001 inch apart. On the other hand, if 
a more sensitive fluoroscope is used in observing the 
human abdomen, the brightness level will be of the 
order of 100 uml, a level such that an eye weil adapted 
to the dark will just separate 2 contours of 100 percent 
contrast spaced approximately 2.5 mm apart. There 
is also another difference. At a brightness level of 30 
ml, the difference in contrast that may be detected by 
the eye is of the order of 1 or 2 percent, whereas at 
a brightness of 100 yml the difference in contrast level 
that the eye may detect is of the order of 20-40 per- 
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cent. Thus it would be highly desirable to use a 
system in which a brightness gain of the order of a 
million may be obtained, especially if this can be done 
without introducing any extraneous background, or 
noise, as it is commonly called (though brightness 
gains of considerably less than this, of the order of 
1,000 times, would represent a considerable improve- 
ment, indeed). 


ward, since the observer must be in a direct line from 
the x-ray generator through the object to the fluoro- 
scope, and little can be done to modify the fluoroscopic 
image obtained. 

Two general procedures are available for improving 
upon this situation. One method consists of forming 
an image on a fluorescent screen and obtaining a read- 
ing by some electrical method; the other consists of 
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Fic. 1. Scheme for the amplification of the fluoroscopic image. 


A question that might legitimately be asked is, Why 
not increase the brightness by increasing the x-ray 
intensity? In the ease of living organisms, for ex- 
ample, if the abdomen of a man is under observa- 
tion, it is found that the patient receives some 50-70 r 
in a fluoroscopic examination of the gastrointestinal 
tract. This dose is a rather sizable fraction of the 
mean lethal dose of x-rays for total body radiation; 
consequently, this means of increasing the brightness 
of the fluoroscopic image for such an observation is 
eliminated. On the other hand, if inanimate objects 
are observed, then the main difficulty lies in the dosage 
that may be received by the observer, either directly or 
indirectly. Though higher intensities may be used, a 
considerable hazard from leakage is presented to the 
observer. Further, if it is desired to make an ex- 
amination of a rather thick object, then more pene- 
trating x-radiation must be used. If, however, an 
image is to be formed on the fluorescent screen, it must 
be thin; and, if it is thin, it will not completely ab- 
sorb the x-rays, and the information will be ineffi- 
ciently extracted. In general, a fluoroscope is awk- 
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irradiating the patient from point to point, convert- 
ing the x-ray intensity into electrical impulses, and 
then assembling the image at some later stage. The 
first method has the disadvantage that a sharp image 
must be formed on a fluorescent screen immediately 
after the object; hence there is an inherent limitation 
as to the thickness of the detector that may be used. 
One particular method that has been tried is to view 
the fluorescent screen with an image orthicon, but this 
is not very satisfactory because the sensitivity of the 
image orthicon is too low. Another method, which 
shows considerable promise, has been worked out by 
Coltman (2), in which an image converter tube is em- 
ployed in a rather simple fashion to increase the 
brightness some 500-fold. 

Consideration of the second method shows that, with 
suitable fluorescent crystals, it is possible to extract 
information efficiently from x-ray quanta that have 
passed through the object at any one point at a given 
instant. It is also clear that, though x-rays may be 
seattered in the object, the majority of them may be 
utilized to yield information as to the penetrability 
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of the object for a particular position of the x-ray 
beam. Similarly, the scattering of x-rays in the 
fluorescent detector is unimportant because, when the 
final image is reconstructed, all this information will 
be assembled at one point only, a point that corre- 
sponds to the instantaneous position of the beam at 
the time. A further advantage is that, when the 
fluorescent screen is viewed by a photocell, and the 
fluorescent bursts of visible or near-visible light 
quanta are converted into current pulses, these im- 
pulses may then be modified or selected electroni- 
eally in ways to produce other desired results. The 
scanning x-ray tube and its related equipment, such 
as have been developed at the University of Chicago 
(3, 4), offer an example of this method. 

Fig. 1 shows a schematic sketch of a rather simpli- 
fied system of this sort. A finely focused electron 
beam scans a rather large target in exactly the same 
fashion as electronic scanning of a kinescope in tele- 
vision. The x-ray tube is enclosed in a lead housing, 
and the x-rays can only escape from it through a very 
tiny pinhole; and, since the point of generation of the 
x-rays is moving and the pinhole is fixed, a scanning 
beam of x-rays is thus generated. If the system has 
axial symmetry about a line joining the pinhole and 
the midpoint of the target, then at a distance from 
the pinhole equal to the target-to-pinhole distance an 
inverted scanning raster of x-rays of the same size 
as that of the target will be formed. The x-rays now 
fall upon a fluorescent crystal, such as a single crystal 
of calcium fluorite, whereupon an x-ray quantum is 
multiplied many thousandfold into visible or near- 
visible quanta. If an object is placed between the 
pinhole and the fluorescent crystal, the x-ray beam is 
modulated in accordance with the structure of the 
object. The fluorescent crystal is then viewed with a 
photomultiplier tube, and current pulses of extremely 
short duration (of the order of 2x 10-* seconds) are 
produced. These current pulses are then amplified, 
after which they are acted upon by a pulse height dis- 
criminator so as to receive only those pulses above a 
certain magnitude and, thereafter, to limit all pulses 
to a certain definite value. This stripper amplifier 
generates pulses that correspond to the number of 
x-rays that pass through the object at a given point 
at a given instant. These pulses are then integrated 
to modulate the electron beam in a kinescope. The 
electron beam in the kinescope and the electron beam 
in the target are driven by the same timer; conse- 
quently, an x-ray shadow image is constructed on the 
kinescope of the object under observation. This 
briefily, then, is the system. 

It is of prime importance to consider the quality of 
the image such a system can produce. First, the reso- 
lution is a function of the statistical fluctuation pro- 
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duced in the x-ray shadow image of the object because 
of the quantum nature of the radiation. The effi- 
ciency of generation of x-rays may be approximately 
given by the equation 

Efficiency = VZ x 10”, (1) 
where V equals the tube voltage and Z equals the 
atomic number of the target. If n, electrons in the 
electron beam of voltage V strike the target and gen- 
erate x-ray quanta with an average energy of E elee- 
tron volts, then the total x-ray flux, %,, will be 

_ me x 10* quanta 

second 
For an electron beam current of 100 ma, which yields 
6x10*" electrons per second, and with a tungsten 
target and a tube voltage of 100,000 v, an x-ray flux 
of 10'* x-ray quanta per second is generated at the 
target. Though this is indeed a rather large number 
of quanta, it must be remembered that very few of 
these quanta will ever escape through the pinhole. 
For example, with a pinhole .001 em? and 30 em from 
the target, approximately 10° quanta will emerge per 
second, or a total energy of 30 yw in the above ex- 
ample. It is interesting to compare this with the 
ordinary broadcast band for radio. A receiver inter- 
cepting a square meter of radiant flux from a broad- 
easting station 300 km distant, which is radiating 
1,000 w of radiant energy at 1 megacyele (the radiant 
quanta will have an energy of 4.11x10-* ev), will 
receive 5x 10** quanta per second, or somewhat more 
than was generated at the target from the x-ray tube, 
and will pick up a total amount of energy from the 
broadcast station of .003 uw. Thus, quantum-wise, 
the radio receiver has many more quanta with which 
to work but, energy-wise, it has far less. 
Thus the flux, ,, through the aperture will be 


(2) 


a 

» (3) 
where a? is the area of the pinhole and r, is the dis- 
tance of the pinhole from the target. The pinhole 
acts as a virtual origin for the x-rays, and the x-rays 
spread out into a cone, the size of which is deter- 
mined by the target raster size. The x-rays are fur- 
ther attenuated upon passing through the object that 
is to be viewed and, if the object is biological tissue, 
the attenuation will be due primarily to Compton scat- 
tering and absorption. Consequently, the x-ray flux, 
¢,, which remains to impinge upon the detector will 
be as follows: 


eV*Z x 10° a® 
og = = (e-7#), (4) 
where the object of thickness, z, has an absorption 
coefficient, 
t= (oa + 
where ¢ equals the number of electrons per cubic centi- 
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meter in the material, o, is that part of the attenuation 
coefficient which results in the production of Compton 
recoil electrons, and 6, equals that part which yields 
elastic scattering of x-ray photons. If the object eon- 
sists of 25 em of wet tissue, then t has an average 
value of .16 reciprocal em for x-ray quanta that are 
emitted in the above example when the tube voltage is 
100,000 v. Consequently, 


y= bexe, = 018, 
Ge 


which is an attenuation approximately 50 tol. Thus 
the 101° x-ray quanta that were generated at the target 
have now been reduced to approximately 2 x 107 x-ray 
quanta per second after passing through the pinhole 
and then the object, and if it is desired to have a mil- 
lion picture elements per second available for the 
formation of the picture, this leaves something of the 
order of 20 quanta per picture element. This small 
number of quanta places a limitation upon the resolu- 
tion due to the statistical variation in this number. 
Of course, the statistical fluctuation may be reduced 
if the motion of the object under observation is suffi- 
ciently slow that the number of quanta in a given pic- 
ture element may be integrated over several frames. 
Integration over 6 frames at a frame rate of 30 frames 
per second would not be objectionable to the eye, for 
this is of the order of the integration time of the eye; 
but, needless to say, it is not this that places an upper 
limit on the time of integration. 

The second limitation on definition is due to that of 
the beam size in the object plane. If the raster on 
the target is represented by the rectangle with the 
dimensions @, and «,, which is separated from the pin- 
hole by a distance r,, the pinhole being rectangular 
with the dimensions a, and a,, the distance from the 
pinhole to the object plane being r,, and the raster at 
the object plane being rectangular and of the dimen- 
sions F, and R,, on which the x-ray beam forms a pic- 
ture element of the dimensions d, and d,, the follow- 
ing relations are clear: 


d,= a,=(1+M)a,, 


i 


(6) 


an (227) a,=(14+M)a, 


1 


where M is the ratio of r, to r,;. Also 


= (2) (S24) 
Ry, = M (ag + (7) 
Since a, is considerably less than «,, 
R, ~ Ma. (8) 


For the sake of simplicity, we may assume that all the 
elements are squares instead of rectangles and drop 
the subscripts. Now, if Q? is defined as the number 
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of picture elements per frame, or Q is the number of 
lines per frame, then Q = It is desirable to investi- 
gate the condition for constant x-ray flux through an 
object sereen of fixed dimensions with a fixed resolu- 
tion, namely, R and d fixed, which also fixes Q, and 
then to see how other variables may be adjusted, such 
as a, @, and M, in order to determine what effect the 
changes of these variables will have. Substituting 
values of R and d for Q, the equation is obtained 
where 

Ma Mo 

(9) 
Thus, if the quantity Qd is fixed, the variables M and 
a must be varied accordingly; i.e., if Mf is increased, a 
must be deereased. As a typical example, let us con- 
sider the ease of an object plane to be viewed of 
10 x10 em in which the moving spot is .5x.5 mm at 
the back of an object 20 em thick of wet tissue. The 
front of the object is 25 em from the aperture, a, and 
the aperture, a, is 10 em from the target. Thus M is 
equal to 4.5, and @Q is equal to 200 lines. This im- 
mediately fixes @ at a value of 2.22 em and a at 1/11 
mm, or 90y. Thus, this will produce a picture of 
rather high quality, somewhat greater than that of a 
television picture with 160 lines, if sufficient quanta 
are available. Let us see what this would yield in a 
tube operating at 125 kv, 100 ma with a tungsten tar- 
get, which would produce x-ray quanta with an aver- 
age energy of approximately 62,500 ev. Thus 


x 10™\ (<3) (e-r2) 
£ 
= (1.11 x 10") (6.57 x 10“) (2 x 10°) 
= 14.6 x 10° quanta per second. (10) 


Now since @Q is equal to 200, the number of picture 
elements per second will equal Q*f, where f is the 
number of frames per second and, in this particular 
example, will be equal to 1.2x10-* picture elements 


per second. Thus it is seen that 5 7 equals approxi- 


mately 12 quanta per picture element. Though the 
resolution was satisfactory in this case from the 
standpoint of the width of the x-ray beam, the statisti- 
cal fluctuation due to the few number of quanta will 
be large. However, if this is viewed with the eye, 
which has an integrating period of its own of ap- 
proximately 1/5 second, then each picture element will 
appear to contain approximately 72 quanta. Or, 
again, advantage may be taken of a slow phosphor 
from the sereen of the kinescope for integrating pur- 
poses but, still better, the use of a storage tube that 
would integrate over any desired number of frames. 
This would yield a proportional increase in the num- 
her of quanta per picture element during the integra- 
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tion time, but of necessity the observation of motion 
would be impaired. 

Modifications may be made of the above example. 
For example, Q may be changed to 100 and a changed 
to 180y. Then there would be 48 quanta per picture 
element, but the resolving power would be reduced to 
1mm. Or, on the other hand, if a is made equal to 
1.1 em and a unchanged and Q unchanged, R will be 
reduced to 5 em and the geometrical resolving power 
will remain unchanged, but there will now be 48 
quanta per picture element. By this means one could 
first locate the position that was to be observed with 
the larger field, namely, 10x10 em, and then reduce 
the sweep voltage such that the raster is one-half as 
large linearly as in the last case, but with a fourfold 
improvement in the number of quanta per picture 
element, and the smaller area, 5x5 em, could be ex- 
amined more closely. 

Though the two limitations (briefly, the geometrical 
and physical) on the picture quality are not independ- 
ent, they are inversely related by their common fac- 
tor and thus will exhibit optimum values. Equation 
(10) may be rewritten thus: 
where 


(11) 


NeV*Z x 10-°(e-7#) 


If D, is defined as the flux density of x-ray photons 
in the object plane, then 


do Ka*® 


D,= = (12) 


A 
The contrast ratio is defined as c= — where » equals 


the number of x-ray quanta utilized to define a picture 
element. From statistical considerations, An=6 Vn 
where 6 is a somewhat controversial proportionality 
eonstant which, in physical experiments, is usually 
taken as having a value of one, but may be less, 
although some are inclined to assign a value of greater 
than one if the human eye is involved in deciphering 
the picture element. Thus the contrast ratio becomes 


or 
13 
ev Dyt ( ) 
which upon substitution of equation (12) yields 
Br,R 

cay Kt’ 

where d, is the line width due to the statistical fluc- 

tuation arising from the quantum nature of the x-rays, 


p= (14) 
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and ¢ is the duration of the observation of a picture 
element. Equation (6) may be rewritten to yield an 
expression for the geometrical line width, d,, with § 
equal to r,+r,. Thus 


As mentioned earlier, the nature of these two line 
widths is such that there is an optimum value for 
each, and this occurs when the contribution to the line 
width by each factor is equal, that is, d,=d,, which 
yields the following equation for the optimum value 
of the system parameters: 


ae) 


or in terms of d, 


2 

(5) = (RS)? — (16a) 
Thus, if the aperture, a, is reduced in size, the size of 
the seanned field should be reduced to obtain optimum 
results in proportion to the square root of the size 
of the raster in order to obtain the optimum results. 
What is of particular interest is the optimum value 
of the integrating time for a given contrast ratio, i.e., 
2 

the quantity ¢ 
The detectors that have been employed so far have 
been of a rather low efficiency. This has been primar- 
ily due to the fact that the fluorescent emission spectra 
of the fluorescent materials have been in the ultraviolet 
around 3,000 A, and the end-window phototube, though 
it was of an ultraviolet-transmitting glass, absorbed 
some of the ultraviolet in the semitransparent photo- 
cathodes before the light quanta reached the photo- 
electron-ejecting surface of the photocathode. With 
calcium fluorite, the conversion of x-ray quanta into 
current pulses has shown an efficiency of 5 percent 
when a large detector sereen is used. Other phosphors 
that emit in a more favorable speetral region approach 
an efficiency of nearly 100 percent in converting the 
x-ray quanta into usable electrical current pulses. A 
erystal such as sodium iodide, thallium-activated, yields 
current pulses proportional to the x-ray quantum that 
impinged on the crystal, if the erystal is optically 
clear and all the light generated in the erystal is con- 
ducted to the photocathode. With such a crystal, 
then, it is possible to expose the object to a continuum 
of x-rays and to observe it as it would appear under 
any monochromatic band of x-rays, which can be 
determined by the setting of a pulse height discrimina- 
tor. This device should be particularly useful for im- 
proving contrast, especially where an absorption edge 
of a structure in the object falls within the wavelength 

range of x-rays that impinge upon the object. 

The current pulses produced by the photocell can 
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be modified in several ways in order to produce certain 


desirable results. The use of a pulse height dis- 
criminator, which converts the detector into a spectro- 
meter, has just been mentioned. If a stripper ampli- 
fier is used, the noise pulses may be rejected and a 
picture may be constructed entirely based on the 
numbers of x-ray quanta that succeed in passing 
through the object at any one instant at a particular 
position. This picture would differ from the regular 
fluorescent screen picture which yields a shadow image 
based essentiallv upon the x-ray energy that pene- 
trates the object. Further, if a wide band distributed 
amplifier is used, then the number of current pulses 
per microsecond may be integrated over that interval 
to yield a steady value for that period. Work is 
now in progress to develop a fast integrating system 
for this method. 

The present low power system now in use in the 
laboratory works rather satisfactorily with thin ob- 
jects up to a thickness of 4 or 5 em of water. Fig. 2 
is a picture taken of the image on the kinescope of an 
object that has been rather overstudied by this par- 
ticular system. The object is the contact area of a 
microswitch through which the degrees of contrast 
caused by the various thicknesses of bakelite are 
clearly visible, as well as details of the toggle action 
and the contacts. Motion of the contact mechanism 
was readily observable on the fast kinescope screen, 
though the slow kinescope screen with the P7 phos- 
phor gave the appearance that the contacts were mov- 
ing in molasses. If a sensitive fluorescent screen, such 
as the Patterson B screen, is placed behind the micro- 
switch and the image observed with an eye well 
adapted to the dark, no detail at all is discernible in 
the extremely faint dull image. However, an image 
is readily seen on the kinescope, and a photometric 
measurement of the brightness of the two screens re- 
veals a gain of brightness of the order of 100,000 to 
a million, This is with a tube voltage of 60 kv and 
a tube current of 3 ma. It is also interesting to note 
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that the Patterson B sereen will reduce the intensity 
of the final image only by a small amount when it is 
placed in the path of the x-rays between the object 
and the detector, though a erystal of calcium fluorite 
of a thickness employed for the detector is completely 


J 
/ 
/ i 
‘ _-— TUNGSTEN 
waren 
COPPER 
4 
SCANNING %-RAY TUBE 


Fie. 3. Scanning x-ray tube. 


black to the x-rays. Single objects, such as a strand 
of wire, are clearly outlined when the wire is of the 
order of magnitude of the pinhole diameter; single 
objects smaller than this can be detected though the 
image is not sharp. It is interesting to note that 
scattering material placed between the pinhole and 
the object, or between the object and the detector, 
produces images of the same quality. 

Fig. 3 shows an experimental model of a high- 
powered tube for use with thick objects of 20-25 em 
of wet tissue. This tube employs a water-cooled anode 
of tungsten and a Pierce-type electron gun. It is 
hoped to produce a focal spet between 25 and 100u 
in diameter at 125 kv at a current of 100 ma. This 
tube when used in conjunction with an object of 25 
em thickness of wet tissue will have a value of 


“6 quanta 


, and, when the 
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object plane is 50 em from the target and an area of 
10x10 em is viewed with a resolution of 0.5 mm, 


2 
then the optimum value of ¢ (5) is approximately 


2ms. This means that with a contrast ratio of 0.1 
(B taken as one, as is customary in physical measure- 
ments) the optimum integrating time, t, is equal to 
0.2 second, which is the approximate integrating time 
of the eye. 

There are other uses for the scanning x-ray system 
than that of intensifying the fluoroscopic image. It 
may be used to study the decay of fluorescence by 
employing the crystal that is to be studied as the 
detector screen for the photomultiplier tube, and view- 
ing a small slit or aperture as the object. Since the 
writing time per line is of the order of 60 ys, then any 
fluorescence that lasts long compared to a fraction of 
a microsecond will appear to distort the image in the 
direction of scanning. In its present form the instru- 


ment serves as a low-power microscope with a magnifi- 
eation of some 10 diameters. With pinholes of a few 
microns in diameter, however, and a triple coincidence 
photocell circuit, the photomultiplier tube noise can be 
reduced to a negligible value, and, with the small num- 
ber of photons that emerge through such a small hole, 
an image can be constructed if sufficiently long inte- 
grating time is used. Higher magnifications may be 
achieved in this way. Other uses include means for 
the production of short time pulses of x-rays, either 
singly or repetitively, and a means of a rocking type 
of Laue experiment for tiny crystals, wherein the 
erystal is held fixed and the source moves. 
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The Relations between Symbolic Logic and 
Large-Scale Calculating Machines’ 


Edmund C. Berkeley 
: Edmund C. Berkeley and Associates, New York City 


CIENTISTS IN MOST FIELDS are becoming 
familiar with the large-scale calculating ma- 
chines—the so-called mechanical brains—that 
have made possible the solution of many mathe- 

matical problems hitherto considered insoluble. Only 
a relatively few scientists, however, understand sym- 
bolic logic. It is off the main path. What is it? 
And why is it important in relation to mechanical 
brains? 


Sympo.ic 


Symbolic logic, in its broadest sense, is a new science 
that has the following characteristics: 

(a) It studies mainly nonnumerical relations. 

(b) It seeks precise meanings and necessary con- 
clusions. 

(c) Its chief instrument is efficient symbols. 
Its closest cousin among the sciences is mathematics. 
But symbolic logie differs from mathematics; to make 
the differences clear, mathematics and symbolic logic 
may be compared in a number of respects. 

Mathematics deals with words like plus, minus, 


1 Based on an address before the Association for Comput- 
ing Machinery, April 19, 1949, Oak Ridge, Tenn. 
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times, divided by. Symbolic logie deals with more 
basic words like yes, no, and, or, not, the, of, is, same, 
different, some, all, none. Mathematics deals mainly 
with numbers and their properties. Symbolic logic 
deals mainly with statements, classes, and relations. 
Mathematics concentrates on answers to questions 
like: “How much?” “How many?” “How far?” 
“How long?” Symbolic logic deals with questions 
like: “What does this mean?” “Does this set of state- 
ments have conflicts or loopholes?” “What is the 
basis of this proof?” 

An example of a rule in mathematics is, “The re- 
ciprocal of the reciprocal of a number is the number 
itself.” An example of a rule in symbolic logic is, 
“The denial of the denial of a statement is the state- 
ment itself.” 

Historically, symbolic logic is the result of applying 
the powerful technique of mathematical symbolism to 
the subject matter of logic. 


Content or Symporic Locic 


Many scientists comprehend the cortent of mathe- 
matics. But what is the content of symbolic logic? 
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There are four or five fairly well-recognized branches 
of symbolic logic. One of these is Boolean algebra, 
the algebra of and, or, not and statements (or classes). 
For example, a rule from Boolean algebra is that 
“neither a nor b is the same as not a and not b.” 
Here a and b are statements or classes, but not num- 
bers. As a result of work by Claude Shannon, 
Boolean algebra has proved to be useful in designing 
and checking electrical circuits using relays or elec- 
tronic tubes. This application of symbolic logic is 
important in the design and construction of auto- 
matic computers. 

Another branch of symbolic logic is the one that 
deals with the foundations of mathematies. It has 
studied such questions as these: “What is a number?” 
“What is a variable?” “What is a mathematical 
function?” It has answered these questions to a 
large extent. One of the great books in the history 
of symbolic logic is Principia Mathematica, by Ber- 
trand Russell and A. N. Whitehead (published 1910- 
13), which aimed to furnish a logical foundation for 
all of mathematics. 

A third branch of symbolic logic is called the 
algebra of relations. This deals with such concepts 
as symmetric relations, transitive relations, connected 
relations, series, ete. 

Still another branch deals with what is called the 
decision problem, i.e., the procedure for deciding that 
a statement is true or false. Symbolic logicians have 
investigated the problem of proving statements in 
any mathematical system. These studies have pro- 
duced some remarkable results. For example, it can 
be shown that there are statements in arithmetic, and 
in other mathematical systems, that can never be de- 
cided as true or false. Nevertheless, mechanical brains 
can be applied to deciding statements that can be de- 
cided, in problems that would take years of human 
labor to decide. 

So much for an introduction to symbolic logic. 
How is it related to large-scale calculating machinery? 


LoaicaL Operations In LarGce-ScaLe 
CALCULATING MACHINERY 


When we use desk calculating machines, we notice 
the numerical operations in a caleulation; but we tend 
to carry out the logical operations in our heads or on 
paper and we tend not to notice them. When we 
begin to use automatic computers that perform caleu- 
lations in long sequences, we find at once that we must 
pay attention to nonnumerical reasoning operations, 
as well as to numerical operations. In fact, we notice 
a long series of questions, all in the territory of sym- 
bolic logic rather than in mathematics. Here are 
some of them: 


1. What is the best way to give a machine instructions 
or orders? 
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2. What is a sufficient set of orders to instruct a machine 
to solve any possible problem? 

3. What is the smallest set of orders which still leaves a 
well-functioning machine? (For example, in the method 
proposed by John von Neumann for instructing the automatic 
computer ENIAC, only about 70 orders are needed.) 

4. Ilow can machines be constructed to determine almost 
all their own orders? 

5. Machines do elementary arithmetical operations like 
addition, subtraction, multiplication, division, and reference 
to a table; but what are elementary logical operations that 
machines should also do? 

The last question can be answered in part. Some 
of the logical operations that may be found in some 
mechanical brains, and that need to be built into really 
versatile automatic computers, are decision, compari- 
son, selection, choice, checking, matching, merging, 
tabulating, sorting. Additional logical operations, 
such as implication, exception, denial, are in process 
of being built into mechanical brains. 

As long as we do mathematies using pencil and 
paper and, perhaps, a desk calculating machine, we 
ean get along moderately well without symbols that 
express the logical operations. When we start dealing 
with mechanical brains, we find it helpful to express 
the logical operations in symbols. With these symbols, 
we grasp a power that we did not have before. Fur- 
thermore, these symbols can often be made to fit 
into ordinary mathematical language. Then machine 
routines are no longer half flesh and half fowl; they 
all take on the same mathematical, logical, symbolic 
nature. 


Logic EXPRESSING THE OPERATION 
or A CouNTER MECHANISM 


As an example of the fusion of mathematics and 
logie called forth by the requirements of large-scale 
ealeulating machinery, let us look into an Interna- 
tional Business Machines punched-card tabulator, and 
consider a counter mechanism that can handle numbers 
of 6 decimal digits. A tabulator is a machine that 
either lists the information contained in a series of 
punched cards, or prints totals derived from them, or 
does both. Its operation is controlled by a plugboard, 
an assembly of plugwires (or patchcords) connecting 
hubs (or terminals), all set ina frame. This wired-up 
frame expresses the instructions for a problem and is 
changed from problem to problem. 

If we examine the plugboard frame of a tabulator, 
we find 4 inputs and 1 output for the counter mecha- 
nism. The 4 inputs are: 

1. A set of 6 hubs, one for each digit, called counter entry, 
which takes in a 6-digit number a, 

2. A single hub, called the add hub, which takes in a 
pulse p. 

8. A single hub, called the subtract hub, which takes in 
a pulse gq. 


4. A single hub, called the counter total control hub, which 
takes in a pulse r. 


Logically, a pulse ean be only 1—the presence of a 
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pulse—or 0—the absence of a pulse; in the machine, 
however, the timing of the pulse is also important. 
The output is a set of 6 hubs, called counter total exit, 
which puts out a number b. 

We ean express the operation of the counter mecha- 
nism with two simple algebraic equations. Let the 
number held in the counter at any time be h. Then 
at any cycle z 


hg=h,.,; (1 +a, (Pe- er) + 999999 
and 
b,=h, 


What do these two equations mean? If just p is 
impulsed, the counter adds a. If just q is impulsed, 
the counter subtracts a. If both p and q are impulsed, 
the counter adds 999999. If r is impulsed, the counter 
total exit reads out the number held in the counter, 
and the counter is at the same time cleared. Obvi- 
ously, the mechanism would be more flexible if we 
could read out the number in the counter mechanism 
without, necessarily, clearing it. In fact, IBM pro- 
vides a modified counter mechanism with which this 
is possible. 

Since a, b, and h are variables that can be regular 
numbers, this department belongs to mathematics. 
But p, q, and r are variables that can only be 1 or 0, 
like “yes” or “no,” and this department belongs to 
symbolic logic. Only when we fuse the two depart- 
ments can we exactly express the operation of the 
eounter mechanism. 


Symepo.ic Locic 1n PROGRAMMING 


We have not yet gone very far, however, into the 
application of symbolic logie to mechanical brains. 
Let us take another and more elaborate example of the 
uses of symbolic logic in large-scale caleulating ma- 
ehinery. Let us take an actual problem, see how it 
ean be programmed in a mechanical brain, and note 
how questions of logie actually oceur. A problem 
that will require several subroutines is the one of 
finding the square root of a number using an iterative 
formula, or one that gives a better result each sue- 
cessive time we apply it. One such formula for 
square root is 


=14(x,+Y/z,), 


where Y is the number for which we want the square 
root, and the 2’s are successive approximations. Each 
time we apply this formula we get a better approxi- 
mation to the true square root. We begin by making 
any kind of rough guess about the square root of the 
number Y, and we call this first rough guess z,. 

To test the procedure, let us obtain the square root 
of 67.2. We choose 8 as a first guess, because 8 times 
8 is 64, and 9 times 9 is 81, and 67.2 is in between 
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these results. So 8 is our first approximation, 2,. In 
Round 1, 8 divided into 67.2 gives 8.4. The average 
of 8 and 8.4 is 8.20. This is z,, our second approxi- 
mation. It is correct to 3 figures. In Round 2, 8.20 
divided into 67.2 gives 8.195122. The average of this 
number and 8.20 is 8.197561. This is 2, our third 
approximation. It is correct to 6 figures. The re- 
sult of the next round is 8.1975606125, z,. This is 
correct to 11 figures. So we see that, with a reason- 
able guess and two or three divisions, we can obtain 
all the accuracy we can ordinarily use. 

Good iterative formulas are like this: they approxi- 
mate the true value quickly, and they are very useful 
on automatic computers. To perform this problem 
on a machine we reeognize 5 subroutines: the sub- 
routine for reading data from input into storage; for 
earrying out the formula onee; for deciding whether 
to repeat the formula for another round; for prepar- 
ing to repeat; and the subroutine for sending the 
answer from storage to output, and stopping. The 
third subroutine, deciding whether to repeat, is purely 
logical. 

Mecuanicat ZAC 


Let us imagine and stipulate a simple mechanical 
brain, or automatic computer (ZAC, the “Z Automatic 
Computer”), able to do this problem. 

ZAC has an input tape, an output tape, and 70 
registers for storage ordinarily of 8 decimal digits. 
ZAC has a computer, and the computer can take in an 
operation OP on one channel, take in 2 numbers 
a and b on 2 more channels, and give out the result 
e on the fourth channel: 


c=a OP b. 


ZAC has a program register, which holds each suc- 
cessive instruction that governs the machine. We can 
transfer numbers or orders into and out of the pro- 
gram register. Some, but not all, numbers will have 
meaning as orders to ZAC. The program register 
regularly holds 5 digits: the first 2 digits will be the 
number of the order, n; the middle digit will be the 
kind of the order, k; and the last 2 digits will ordi- 
narily be the number of a register, r. At any cyele, 
the order, or instruction, n, k, r, stored in the pro- 
gram register tells the machine what it is to do at that 
eycle. 

The kind-of-order numbers, k, we shall suppose, can 
vary from 0 to 9. Using these 10 numbers, we have 
sufficient flexibility to tell the machine all that we 
want it to do in finding square root. 

The register numbers r vary from 10 to 79. Regis- 
ters 10-49 will usually store orders having the same 
order number as the register number; registers 50-69 
will usually store numbers in the ecaleulation; and 
registers 70-79 will usually store constants. 
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TABLE 1 
Five-Dicir OrpgeR (STORED IN REGISTERS 10-44) 


Subroutine Meaning 
1. Reading data 10 4 50 Input of Y to 50 
from input into 11 4 56 Input of a, to 56 
storage 12 4 61 Input of % to 51 
13 6 19 Gotoorder19 
2. Carrying out the 19 O 74 Division to computer 
formula once 20 1 50 Y to computer 
21 2 56 @n to computer 
22 3 52 #£=™Y/anto 52 
23 0 71 Addition to computer 
24 1 52 Y/a@n to computer 
25 8 53 @+Y/anto53 
26 0 73 Multiplication to 
computer 
27 1 53 a+ to computer 
28 2 5&1 14 to computer 
29 3 587 (an + Y/a@n) =@n+1 


to 57 


80 6 382 #£Goto order 22 
8. Deciding whether 32 0 75 Inequality to computer 
to repeat or not 33 1 «56 @n to computer 
34 2 57 to computer 
85 3 69 T (an @n+1) to 69 
36 7 88 #£«Geto order 38 if 1 is 
in 69 
387 6 43 Go to order 43 
4. Preparing to 38 0 70 Transfer to computer 
repeat 39 1 ST Old #n + 1 to computer, 
equal new 
40 56 New @n to 56 


3 
41 6 19 Gotoorder19 


5. Sending answer 48 5 57 @n +1 in 57 to output 
from storage 
to output and 
stopping 44 9 44 Stop 


The most interesting of these sets of numbers is the 
kind-of-orders, k. Every k is followed by an r. This 
is the meaning: 


If k is 0, the machine transfers the operation stored in 
register r to the computer and goes to the next order nu- 
merically. 

If k is 1, the machine transfers the number in register r 
to computer register a and goes to the next order numerically. 

If k is 2, the machine transfers the number in register r 
to computer register b and goes to the next order numerically. 

If k is 3, the machine transfers the computer result c to 
register r and goes to the next order numerically. 

If k& is 4, the machine transfers the number on the input 
tape to register r and goes to the next order numerically. 

If k is 5, the machine transfers the number in register r 
to the output tape and goes to the next order numerically. 

If k is 6, the machine is instructed to go to order r (ob- 
taining it from register r), instead of (as the machine nor- 
mally does) going to the next order numerically. 

If k is 7, and if the number in register 69 is 1, the machine 
is instructed to go to order r; if k is 7, and if the number is 
not 1, the machine goes to the next order numerically. 

If k is 8, and if the number in register 69 is 1, the machine 
is instructed to go to the order number stored in register r; 
if k is 8, and if the number is not 1, this order tells the ma- 
chine to go to the next order numerically. 

If & is 9, the machine stops. 


Some of the register numbers that may follow the 
kind-of-order k=0 are 70, 71, 72, 73, 74, 75. These 
registers contain signals that set the computer for 6 
operations, respectively : 


70, transfer, c=a 

71, addition, e=at+b 

72, subtraction, c=a-b 

73, multiplication, c=a-b 

74, division, 

75, inequality, c=T(a bd) 


In the last operation, the expression T(. . .) means 
“the truth value of .. .” and is equal tolif.. . is 
true, and 0 if... is false. 


THE Program For Square Roor 


The program for square root using ZAC is shown 
in Table 1. 

The first subroutine consists of orders 10, 11, 12. 
Here we read out from the input tape into registers 
of the machine. Then we proceed to order 19. 

Subroutine No. 2 is now carried out. In orders 
19-29, we cover the division, the addition, and the mul- 
tiplication required by the iterative formula. Then 
we go to order 32. 

In subroutine No. 3, in orders 32-35, we cover in- 
equality; we test 2 successive approximations to see 
if they are equal or unequal. If they are unequal, 
we record a 1 in register 69. (In practice, a differ- 
ence less than a certain tolerance would be accepted 
as equality.) 

Now we come to a choice of program. Using order 
36, we go to order 38 if, and only if, there is a 1 in 
register 69; in other words, if x, and x, ,, are unequal. 
If there is a 0 in register 69—in other words, if the 
last two 2’s are equal—then we go to the next order, 
37, and that routes us to order 43. 

In orders 38-40, we remove z, from the iterative 
formula, subroutine No. 2, and insert z,,, instead. 
Then with order 41 we go to subroutine 2, which will 
now compute the next approximation. 

In order 43 we read out the final value of x into the 
output tape, and with the next order stop the machine. 

Thus we see how we can program square root with 
a machine. 

In this program, we have to recognize the operation 
of inequality: this is logic rather than mathematics. 
We have to recognize different subroutines: this is 
logic rather than mathematics. We have to provide 
for the branching of instructions: this is logic rather 
than mathematics. We have to provide for the ma- 
chine’s deciding for itself when it will stop using a 
formula and, instead, give out the answer: this, too, is 
logic rather than mathematies. 

These several examples illustrate some of the rela- 
tions between symbolic logic and automatic computers. 
We can anticipate that there will be more and more 
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fusion between numerical mathematics, on the one 
hand, and nonnumerical reasoning, or symbolic logic, 
on the other. Machines that play games, machines that 
separate true combinations of statements from false 
combinations, other kinds of information-handling 


machines where emphasis is ou logical competence 
rather than on mathematical competence, are already 
in existence. Symbolic logic, large-scale caleulating 
machinery, and mathematics will continue to enrich 
one another in many significant ways. 


The Traveling-Wave Linear Accelerator 


E. R. Wiblin 
Atomic Energy Research Establishment, Harwell, England 


HE STUDY OF NUCLEAR PROCESSES 

commonly involves the bombardment of one 

nucleus with one or another of the funda- 

mental particles. In many experiments, par- 
ticularly early ones, the bombarding particles were 
those emitted by naturally radioactive substances, 
whereas in later work artificially accelerated particles 
have been extensively used. In experiments involving 
neutrons as the bombarding agent, production is nor- 
mally a secondary process following the bombardment 
of a primary target either by a charged particle or 
by gamma radiation. 

Familiar particle accelerators are direct current gen- 
erators of, for example, the Cockeroft and Walton 
type, and cyclic accelerating devices typified by the 
cyclotron and betatron. In the former, particles are 
accelerated by passing through a single large-voltage 
gradient, whereas in the latter, energy is imparted to 
the accelerated particles by causing them to traverse 
a short intense gradient many times when constrained 
into an approximately circular path by a very strong 
magnetic field. For this purpose a large and expen- 
sive electromagnet is required. 

Among the many electrical devices that have been 
made practicable by the great advances in radio tech- 
nique of recent years is a new form of high-energy 
particle accelerator known as the Traveling-Wave 
Linear Accelerator. This machine has been fully 
described elsewhere, but a brief description of its 
mode of operation is, perhaps, not out of place here. 

Electrons are introduced axially into a special form 
of evacuated radio wave guide, along which electric 
waves are made to travel so that their phase velocity 
increases steadily from a speed equal to that of the 
entering electrons up to nearly that of light. Most of 
the electrons are then constrained into “bunches” mov- 
ing in constant phase relationship to the waves and 
are, therefore, accelerated with them. 

In the accelerator recently installed at the Atomic 
Energy Research Establishment at Harwell in south- 
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ern England, the final electron energy obtained may 
be as high as 3.2 mev with a mean current of about 
120 ya. The electrons may be extracted from the 
machine by allowing them to emerge through a thin 
metal “window” at the end of the accelerating wave 
guide. 

Use of magnetron valve. The radio waves are gen- 
erated in a magnetron valve, such as was developed for 
radar use, at a wavelength of 10 em. They occur in 
very intense pulses, 2 ys in length, and up to 500 
pulses every second may be used. The current of 
electrons during the pulse is, therefore, of the order 
of 120 ma. If the large current of electrons from the 
machine is allowed to strike a heavy metal target, in- 
tense bursts of gamma rays are produced, and one use 
of the machine is to provide heavy doses for irradia- 
tion purposes. 

This particular machine is, however, installed pri- 
marily as a neutron source. The gamma rays are 
converted into neutrons by photodisintegration in a 
target of heavy water. Some of the nuclei of the 
deuterium in the heavy water disintegrate and emit 
a neutron. Some of the neutrons emerge from the 
target and are available for experimental purposes. 
The machine will be used as a neutron source for time- 
of-flight measurements and, it is hoped, will prove a 
better source than has hitherto been available. 

The linear accelerator is inherently suitable for this 
use since the neutrons are produced in bursts—corre- 
sponding to the pulses of radar waves from the mag- 
netron. By a technique similar to that used for range 
determination in some radar equipment, it is possible 
to measure the time—which may vary in practical 
eases from a few microseconds to a few milliseconds— 
taken by neutrons to travel over a fixed distance from 
their origin in the source, to a detector (usually a 
proportional counter). 

Calculating neutron velocity. A series of electronic 
“gates,” opened in succession, allows only neutrons of 
velocities corresponding to the delay between the 
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initial neutron pulse from the source and the time of 
opening of the individual “gate” to be “counted” by 
the detecting circuits. The neutron velocity—and 
henee the energy—may then be ealeulated, and the 
variation with energy of interaction with the nuclei 
of various elements may be inferred. For example, 
by placing substances in the path of the neutrons be- 
tween source and detector, the extent to which the 
neutrons are absorbed in that substance may be in- 
vestigated, over a range of neutron energies. 

The results of such experiments are of fundamental 
importance in the design of nuclear reactors, since the 
choice of suitable materials (both reacting and struc- 
tural) is severely limited by their nuclear properties. 

Since the process of generating the neutrons in the 
heavy water target, as well as their absorption in 
samples, is a statistical process, the arrivals in each 
“gate” occur in a random manner, and, to achieve an 
accurate estimate of the rate of arrival (or counting 
rate), as many as possible must be counted. This 


means that the maximum possible number of electrons 
must be produced by the linear accelerator. 

In this condition, the accelerator is generating harm- 
ful radiation at an intensity many thousands of times 
higher than is safe for exposure of the human body, 
and a very thick concrete shelter all around the ma- 
chine is necessary, with only a small aperture for the 
emergent neutrons. All the electrical, as well as the 
vacuum pumping, apparatus is, therefore, remotely 
controlled from a safe point outside the shelter. Pre- 
cautions are taken to ensure that no person may enter 
the shelter during operation or “see” the target from 
any distance less than that at which the intensity is 
reduced to a safe value. 

The basic design of the accelerator was the work 
of the Harwell scientific staff, and the technical devel- 
opment and construction were carried out by the Mul- 
lard Electronic Research Laboratories, which have also 
cooperated in the design and manufacture of the 
detecting and “gating” circuits. 


Technical Papers 


Preparation of Radioactive Glass Beads 


Walter Kisieleski, George Svihla, and Austin M. Brues* 


Biology Division, Argonne National Laboratory, Chicago 


There are many possible experimental uses for 
small, intensely radioactive sources that can, for ex- 
ample, be imbedded in living tissue. It occurred to us 
that approximately point sources might be made by 
incorporating isotopes of high specifie activity into 
glass beads. It was found possible to prepare such 
beads containing Y", a pure B-emitter; Sr”, a pure 
B-emitter that gives rise to an yttrium daughter (\™), 
also a B-emitter; and Ce™ which, with its praseodymium 
daughter (Pr), emits a more complex spectrum. 

Use of a preliminary batch of Y™ beads imbedded in 
regenerating rat liver has been reported (1). By cut- 
ting microscopic sections through the point occupied by 
the bead, it was possible to obtain single tissue sections 
treated by a wide range of radiation dosages that were 
approximately calculable. Further development of the 
technique has enabled us to prepare beads with activi- 
ties of the order of 1-2 me/mg. Such beads are suffi- 
cient to produce a sharply demarcated area of liver 
necrosis within 48 hr, with the radiation dosage dimin- 
ishing nearly to zero at the periphery of the organ. 

Among possible methods for the production of radio- 
active beads are: (1) adsorption of the radionuclide 


1The authors are indebted to A. S. Tracy for the photo- 
graphs. 
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onto powdered glass, followed by fusion of small 
quantities of the material to form beads; (2) inecorpo- 
ration of the radionuclide into the raw materials used 
in the manufacture of glass; and (3) precipitation of 
the radionuclide in the presence of powdered glass that 
can then be fused into beads. It was deeided after a 
number of tracer studies (2) that the last method of- 
fered the most satisfactory means for the production of 
very small and highly radioactive beads. This is illus- 
trated in Fig. 14 and 1B, in which the apparent ac- 
tivity is plotted for randomly chosen beads against 
weight and diameter cubed. 

The method described here deals specifically with the 
production of beads containing yttrium", although 
beads of comparable activity were prepared with Ce™ 
and Sr”, and, except for possible alteration in the 
chemical procedures, the technique may be applied to 
other radionuclides. 

The solution of Y™ was received from the Oak Ridge 
Laboratory as Y"Cl, containing 50 me in 18.8 ml of 
weak HCl solution. To this solution were added 1 mg 
of yttrium carrier, 5 mg of powdered micro slide glass, 
and Y"(OH), precipitated by the addition of NII,OH. _ 
In the case of Sr® the carbonate was precipitated. 
After centrifugation, the supernatant was deepnted 
and the precipitate slurried and partially dried in 
readiness for fusion into beads. The addition of.1 mg 
of yttrium carrier under these conditions gave recoveries 
of 95%-97%. \ 

The amount of powdered glass added to the solution 
was determined by preliminary studies of the minimum 
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Fic. 1. 


A, B: Apparent activity of randomly selected radioactive glass beads plotted against weight and diameter 


cubed. C: A theoretical and experimental plot of counts per second against weight. 


ratio of powdered glass to precipitate necessary to pro- 
duce translucent and spherical beads. At a ratio of 
5:1 (powdered glass to precipitate) relatively good 
beads were produced, and at the same time the condi- 
tions for minimum solids were fulfilled. Ratios of 20:1 
will produce somewhat more perfect beads, but the 
specifie activity will be lowered in the same proportion. 

After the precipitate is obtained, it is stirred with a 
1/16-in. stainless steel rod to mix the powdered glass 
and Y"(OH),. The steel rod is also used as a plunger 
in a smull-bore glass tube into which the slurried ma- 
terial is pipetted and dried for 15-20 min under an 
infrared lamp until it has hardened enough to be ex- 
truded in small fragments on a carbon block (about 
3x10x15 mm). The material on the carbon block is 
divided into smaller portions, the size of which will 
determine the size of the resulting beads, and then 
placed in the furnace until fusion of the radioactive 
beads occurs (20-30 min at 2,000° F). After fusion 
the carbon block is removed from the furnace and al- 
lowed to cool. The beads are then brushed into a glass 


vial, which is enclosed in a lead container. 
The fusion furnace was designed to produce radio- 


Fie. 2. Microfurnace used for fusion of radioactive beads. 
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active beads with minimal radiation hazard and to be 
replaceable at low cost because of the probability of 
radioactive contamination. It is constructed from a 
piece of Babeock and Wileox K-30 insulating fire 
brick as shown in Fig. 2. The heating element consists 
of a coil of No. 18 Nichrome V wire composed of five 
turns wound on a %4-in. x %-in. bar stock form. Turns 
are spaced about %-in. apart. The element is connected 
to the secondary of a 20-amp, 6.3-v transformer 
that is controlled through a variable transformer 
(Variac) for temperature control. 

Because a variety of bead shapes and sizes results, 
a means of proper selection and calibration is necessary. 
Thus the vial containing the beads is placed in a trans- 
parent Lucite box, %4-in. wall thickness, which has a 
small adjustable opening at the top for remote-control 
manipulation of special hollow-tipped forceps. This 
assembly (Fig. 3) is then placed under a microscope, 
and proper selection of translucent and spherical beads 
can be made. A calibrated millimeter scale in the 
ocular piece facilitates measurement of the diameter 
of the selected beads, which are then stuck on black 
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Technique and assembly for selecting radioactive 
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Fic. 4. 
point of a common pin (magnification x 35). 


Random sample of Y™-containing beads and the 


masking tape and transferred into individual capsules 
for measurements of radioactivity and for use. 

In all these chemical and physical manipulations, 
radiation hazards must be considered. In most cases 
the work is done behind lead and/or Lucite shielding 
with the usual equipment necessary for semiremote- 
control handling (3). 

Because of the high activity of the beads, the meas- 
urements are made with a Zeus a, B, y portable ioniza- 
tion chamber that is mounted 10 in. above the measured 
capsules. The bead measurements are made by relative 
comparison with a series of Y™ standards ranging from 
0.1 to 1.5 me and prepared from a solution whose 
specific activity was originally determined by calibra- 
tion against Ra DEF standards from the National 
Bureau of Standards. With these conditions of meas- 
urement, beads have been produced with specific activi- 
ties ranging from 0.005 me to 1.5 me per mg, having 
diameters ranging from 0.05 mm to 1.0 mm, and weighing 
up to 1 mg. 

The method of determining the radioactivity of the 
beads leaves some doubt of the validity of their milli- 
eurie content; however, under the conditions of meas- 
urement, and coupled with the knowledge of the ex- 
pected theoretical activity of the precipitate (Fig. 1C), 
the error is probably not greater than 30%. The in- 
creasing divergence of the experimental curve from the 
theoretical curve with increasing bead weight might 
well be attributed to self-absorption. 

Fig. 4 is a photograph (magnification x35) showing 
a random sample of yttrium beads and the point of a 
common pin. An actual image of the pin is superim- 
posed upon its enlargement for further comparison. 
The smaller beads are the ones that are selected for 
our experimental studies. 
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Convenient Method of Mounting Sintered 
Glass Filters* 


Igor N. Asheshov 


Research on Inhibition of Bacterial Viruses, 
New York Botanical Garden, New York City 


The usual method of mounting ultrafine (UF) filters 
is to fit them by means of a rubber stopper onto a filter- 
ing flask with a test tube inside, or onto a test tube with 
a side arm. Both methods are somewhat cumbersome, 
and subsequent manipulations—taking the tube from the 
flask or transferring the filtrate into a test tube by means 
of a pipette—expose the filtrate to contamination. Be- 
sides, the side-arm test tubes are awkward to handle, 
and the breakage is usually high. 

Fisher Scientific Company has put on the market a 
so-called shockproof condenser coupling (No. 7-702-C) 
to mount straight condensers for student use. These 
couplings proved to be very convenient for mounting 
medium-sized Pyrex sintered glass filters, particularly 
Corning Glass Company, UF30. 


1, 

Fig. 1 shows how the device is assembled. The stem 
(A) of the UF30 filter is too narrow for the opening 
of the coupling; therefore a short piece (1 in.) of rub- 
ber tubing (B) of suitable size (5/16 in. x 3/32 in.) is 
first fitted on the stem and pushed sufficiently high to 
spread slightly at the joint of the body and the stem. 


21This work was supported by a grant from The Nationa) 
Foundation for Infantile Paralysis. 
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The fitted funnel (C) is inserted into the hole of the 
coupling. The metal side arm (D) is plugged with cot- 
ton wool, the excess cotton being burned away. The 
coupling (£) now is fitted onto a 1-in. Pyrex test tube 
(F) (different lengths are available). To insure an easy 
fitting, silicone stopcock grease is used. The top of the 
funnel is covered with aluminum foil for protection, and 
the assembly is autoclaved for sterilization. 

After filtration, the coupling and funnel are removed, 
cotton plug from a sterile 1-in. test tube is used to plug 
the tube containing filtrate, and the funnel is put on the 
tube from which the plug was removed. 


Standard Measures and the Economical 
Production of Graphs and Figures 


Sterling P. Fergusson? 


Blue Hill Meteorological Observatory, 
Harvard University, Milton, Massachusetts 


Notes by Gutsell and by Wainerdi, respectively, in 
Science (3, 4) emphasize the fact that standardizing of 
measures has not kept pace with advances in technology, 
and that the making of graphs continues to be a time- 
consuming task. This is particularly true of meteorol- 
ogy, where, for example, of the scales of 6 recording in- 
struments, no 2 are alike and 6 different charts are used, 
whereas, by minor changes in the mechanisms of these 
instruments, not more than 2 charts would be necessary. 
The earlier meteorographs (1)—necessary for isolated 
stations and in aerological researches—were assemblies 
of familiar barographs, thermographs, hygrographs, ete., 
recording on a single chart, the 3 (or more) records oc- 
cupying as many sections of the chart, all having sepa- 
rate time ares and different scales. Accurate evaluation 
usually was a tedious process. In 1905, for work neces- 
sitating rigid economy, I devised meteorographs having 
a single time are for all elements and using, for record 
charts, millimetrie cross-section paper. Advantages pos- 
sessed by this system are small cost, simplicity of opera- 
tion and—of aerological instruments—small weight, but 
even the simple records obtained thereby are not always 
immediately useful, for graphs and copies must be made. 

Some years ago, in a bulletin (2) prepared for the Uni- 
versity of Nevada, records originally in different scales 
were, for ease of analysis, transposed into a common 
scale. Instead of the usual process of connecting refer- 
ence points on coordinate paper, which would have re- 
quired several weeks of valuable time, I used a form of 
pantograph with independent coordinates, by means of 
which graphs in drawing ink, ready for the engraver, 
were completed in one operation; the entire task was ac- 
complished within a week. This instrument was de- 
scribed at a meeting of the American Meteorological 
Society in, Boston, in December, 1946, but no description 
has been published. 

Fig. 1 is an elevation of the instrument as it is seen 


1 Research Fellow (retired). 
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by the operator, and Fig. 2 is a plan. The original figure 
or diagram, or a blank to receive the graph, may be at- 
tached to either cylinder (A or B) by a Richard spring 
clamp; or a belt of any desired length, bearing many 
figures, may be carried on A or B and over a separate 
cylinder C, which may be placed wherever convenient. 


Cylinders A and B are supported frictionally on tubular 
shafts, to each of which, at its lower end, are fixed a 
sprocket and a crown gear; one end of a chain £ or F, 
meshing with the sprocket, is secured to the graduated bar 
D, and the other carries a weight W; weights on chains 
E and W are balanced by a counterweight on another 
chain G. Obviously, controlled by this mechanism, the 
scales of these cylinders will vary according to the posi- 
tion of the chain F on the bar D; as shown, with F at- 
tached halfway between the axis of D and its outer end 
(carrying EZ), the time scale of B will be one-half that 
of A. The same scale for both cylinders is obtained by 
the use of the same chain over both sprockets. The cyl- 
inders are operated by the arbors K and M, on which, 
held by friction, are pinions meshing with the crown 
gears below the cylinders. 

When both form and dimensions of a figure are to be 
duplicated, a stylus or tracer and a pen are attached to 
the same carrier FR or S, which is clamped adjustably to 
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Fic. 8. Record by meteorograph on Mt. Rose, Nevada. 
one operation for each of the 4 elements: 


Absolute, (3) millimeters to millibars, (4) the time scale of 69 mm in 24 hr to 30 mm for the same period; (5) necessary 
corrections are applied. 


a light chain connecting the bar N with the drum L over 
which it is wound; tension on the chain is maintained by 
a weight N*. The stylus is caused to follow the outline 
of the original figure, and the copy is made simultance- 
ously, in ink, by movements of the cylinders and carrier 
controlled by milled heads on the drums K or M and L. 

When both graph and original figure are in rectilinear 
coordinates and the seales of the graph must be different 
from those of the original, the stylus and the pen are 
attached to separate carriers (2 or S), one of which is 
supported by the bar O suspended adjustably from N. 
When curved ordinates of an original figure are copied 
as rectilinear, the stylus is attached directly to O, as 
shown in Fig. 1, where a diagram, 7, is copied. 

As indicated by dotted outlines in Fig. 1, the bars N 
and O ean be placed in almost any convenient position 
on the upright P, and the ratio of movement of one bar 
to that of the other adjusted accurately. Accuracy of 
movement of the cylinders is secured by adjustment of 
the plate C' so that chains Z and F are parallel between 
the rollers C* and the bar D. Since movements of cyl- 
inders and mechanisms are controlled by weights, there 
are no errors caused by looseness of bearings; backlash 
between pinions and crown gears is prevented by a 
separate weight V. 

The instrument described occupies a space 1 m square, 
or about that necessary for a precision pantograph; 
larger or smaller models of the same accuracy can be 
produced at approximately the same cost. Paper 40 x 50 
em, or the belt mentioned (which may be several meters 
in length), can be used for originals and copies, and 
graps can be made from values read from text or tables 
without intermediate plotting on coordinate paper. 

The operator of this instrument is comfortably seated 
facing the recording mechanisms, all adjustments of 
which are within easy reach, and all movements are con- 
trolled by means of two of the milled heads K, L, and M. 
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A, potograph of original; B, a copy by the special pantograph, in 
(1) Curved ordinates are changed to rectilinear, 


(2) Fahrenheit degrees to 
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A Miniature Pressure-recording Device 


Otto H. Gauer and Erich Gienapp 


Aero Medical Laboratory, 
Air Materiel Command, Dayton, Obio 


The extensive use of intracardiac catheterization for 
diagnostic purposes and special problems in physiology 
stimulated the development of a manometer sufficiently 
small to permit its introduction into the circulatory sys- 
tem. From the theoretical point of view it is advan- 
tageous to reduce the dimensions of a manometer. Cut- 
ting down the mass of the moving parts actually improves 
the recording properties by increasing the natural fre- 
quency. In most elastic manometers for blood pressure 
measurements, the greatest part of the effective mass 
resides in the cannula and its connections. This con- 
dition is completely eliminated by putting the recording 
element at the tip of the instrument. Moreover, such a 
pressure pickup that is in direct contact with the pres- 
sure avoids artifacts due to, and corrections necessary for, 
the hydrostatic columns in the fluid-filled tubes that con- 
nect the circulatory system with commonly used external 
manometers. 

A disadvantage of such a system is the necessity for 
using an amplifier. Among the various possibilities of 
constructing such a miniature manometer, the principle 
of a differential transformer, first outlined by Wetterer 
(3), seemed best suited to give a system having excellent 
recording properties with a minimum of amplification. 
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Fic. 1. Miniature manometer. Horizontal hatching, core 
with two chambers for the transformer coils ; vertical hatch- 
ing, casing; diagonal hatching, ring holding the sealing rub- 
ber membrane. Crosshatching, piston ; black dots, coil spring ; 
black rectangles, soft iron. Dotted area, catheter. Over-ull 
length of metal tip, 12 mm; largest diameter, 3 mm. 
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Fic. 2. Pressure record (% scale) taken while catheter 
was pulled from left ventricle of an intact dog into the aortic 
root. 


After trying numerous designs of pressure-sensitive ele- 
ments, the authors agreed on one very similar to Wet- 
terer’s original, although smaller, sturdier, and simpler 
to handle. With two years of continuous use and im- 
provement, this manometer has been developed into a 
rugged and dependable instrument. 

The all-metal pickup fits on a No. 8 Cournand eatheter. 
Its construction may be seen in Fig. 1. The movable 
part is the piston (crosshatching). It consists of a 0.6- 
mm brass rod carrying on one end a plate of 2.1 mm di- 
ameter and on the other end a small piece of soft iron. 
Tt is held in position by a steel spring (black dots) and is 
activated by the pressure on the plate. The steel spring 
determines the elastic properties of the manometer. A 
sheet of condom rubber seals the unit. This sealing mem- 
brane is easily fixed in place by means of a precisely fit- 
ting brass ring (diagonal hatching). The elongation of 
the casing (vertical hatching) beyond the membrane has 
a double function. It houses the sealing device and also 
protects the membrane from direct contact with the walls 
of the beating heart, which may cause artifacts. The 
eore (horizontal hatching) accommodates the differential 
transformer. The iron part of the piston acts as an 
armature. According to its position, it determines the 
relative coupling of the transformer sections. 

This differential transformer is connected to the bridge 
circuit of a carrier amplifier. A one-knob balancing de- 
vice permits correction for the capacitance introduced by 
an extension cord, which may be placed between the am- 
plifier and the pickup. In our experiments a 30-ft ex- 
tension cord was used. The pickup with the bridge cir- 
cuit can be incorporated in most commercially available 
earrier amplifiers with only minor changes, provided these 
furnish frequencies in the audible range (ca. 1,000—15,000 
eps) having a reasonably pure sine form. The simple 
two-stage amplifier especially built for the unit has an 
oscillator adjusted to 9,000 eps. 
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The over-all performance of the miniature manometer 
may be summarized as follows: 


1. Natural frequeney of 1,000 eps in fluid. 

Damping ratio, .34. 

Maximum sensitivity, 50 ma/100 mm Hg. 

Linear response between - 50 and +250 mm Hg. 

Statice calibration is achieved with a mereury ma- 
nometer by applying suction at the rear end of 
the eatheter. This feature allows calibration of 
the sterile catheter and control of sensitivity dur- 
ing the measurement without touching the tip or 
removing the catheter from the vessel. 

6. A two-knob amplifier (zero adjustment and sensi- 

tivity) provides high stability. 


ge po 


Fig. 2 is an example of a pressure record while the tip 


of the catheter was pulled from the left ventricle of an 
intact dog into the aortic root (recording galvanometer 
Heiland Type C). The reeord was taken in collabora- 
tion with Ellis, Essex, and Wood, of the Mayo Clinic, 
in tests on the adaptability of the unit for clinical 
work (1, 2). 

A modification with the coil spring and sealing device 
replaced by a corrugated membrane is being tested. 
Detailed information will be given elsewhere. 
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The Use of Thick Paper for 
Chromatography* 


J. Howard Mueller 


Department of Bacteriology and Immunology, 
Harvard Medical School, Boston, Massachusetts 


Yanofsky, Wasserman, and Bonner (7) have recently 
described the use of a special heavy grade of filter paper 
for large-seale paper chromatography. They recommend 
Schleicher and Schuell filter paper No. 470-A, but state 
that separation is not as good as on thinner paper. At- 
tempts in this laboratory to apply the procedure to the 
separation of a mixture of peptides readily confirmed this 
fact and indicated that for our purpose the separation 
achievable with this paper was hopelessly inadequate. 
Essentially, No. 470-A is blotting paper and is highly 
bibulous. Using secondary butyl aleohol containing 
formie acid and ethyl formate, about 90% saturated with 
water, the solvent advances on this paper at the rate of 
about 17 em/hr, a rate so rapid that there is little oppor- 
tunity for selective mobilities to become manifest. 

This rate can be greatly retarded by the simple ex- 
pedient of attaching a strip of Whatman No. 1 paper to 
one edge of the thick sheet, overlapping 1-2 em. The two 

1 Aided by a grant from the Commonwealth Fund. 


2A slight modification of a solvent suggested by Lyman 
Cc. Craig. of the Rockefeller Institute. 
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papers are fastened with a double row of stitches by 
means of a sewing machine. The material to be sepa- 
rated is applied as a ribbon on the thick paper just be- 
yond the ‘‘seam,’’ using the kymograph technic of 
Yanofsky et al. The thin paper is then brought into con- 
tact with the solvent, where it acts as a ‘‘valve,’’ which 
allows the requisite slow passage of the solvent along the 
heavy paper. A strip of thin paper approximately 9 cm 
in diameter results in a slowing of rate such that 24 hr 
are required for the solvent to traverse 17 em of C. 8. 
& 8S. No. 470-A. Resolution so achieved is superior even 
to that obtained on Whatman No. 1, and, curiously, it is 
worth noting that the relative rates of flow are not in- 
variably the same for the two papers with the same 
solvent. 

The rate of flow can be increased by using a narrower 
strip of light paper, and vice versa. If the ascending 
method is used, the cylinder of paper must be supported 
at the top by tying it to a glass or stainless steel support, 
for the rim of thin paper is not strong enough to sup- 
port the weight of the heavy paper plus solvent. 


Reference 


1, YANorsKy, C., WASSERMAN, E., and BOoONNeR, D. M. 
Science, 1950, 111, 61. 


Preparation of Thin Films of Crystalline 
DDT and y-Hexachlorocyclohexane 
in Celloidin* 


D. P. Pielou 


Dominion Parasite Laboratory, 
Belleville, Ontario 


At this laboratory investigations are in progress to de- 
termine the possibility of breeding strains of beneficial 
insects resistant to DDT and other insecticides; during 
this work it became necessary to devise a suitable and 
easily produced test surface. A new method is described 
here of making thin films of crystalline DDT and y-hexa- 
chlorocyclohexane (benzene hexachloride) rapidly and in 
large numbers in a celloidin base on glass. As well as 
being crystalline, these deposits fulfil the requirements of 
being reasonably uniform and of possessing known quan- 
tities in a given area. 

Solutions of pure para para DDT (mp > 108° C) or of 
y-hexachlorocyclohexane of at least 99% purity (lindane) 
are made up in a mixture of equal parts of absolute alco- 
hol and ether in which 0.2% celloidin has been dissolved. 
Insecticide concentrations ranging from 0.3% to 3.0% 
have been used up to the present. A lantern slide cover 
glass, size 3% in.x4 in., is thoroughly cleaned with a 
solvent and lens paper, and a circle 2 in. in diameter is 
drawn with the aid of a guide in the center of the glass, 
with a grease china-marking pencil. From a micro- 
burette or Mohr pipette 0.15 ml of celloidin-insecticide 


1 Contribution No. 2,669, Division of Entomology, Science 
Service, Department of Agriculture, Ottawa, Ontario. 
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Fic. 1. Part of a crystallized DDT deposit in celloidin, 
containing approximately 0.08 mg DDT/cm* and showing 
centers of crystallization (x 2). 


solution is run into the middle of the cover glass. The 
solution spreads out rapidly as a very thin film with a 
circular outline until it is stopped by the grease-penciled 
circle. Evaporation of the solvents proceeds rapidly; and 
after about 30 see or so, determined by trial, the drying 


Fic. 2. Detail of structure of crystals deposited from an 
alcohol-ether-celloidin solution containing 1% DDT (x 120). 
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film is touched lightly at several points with a needle that 
has previously been in contact with the insecticide. This 
seeding induces centers from which a regular branching 
erystallization proceeds rapidly through the film as it 
dries. If it dries too rapidly the celloidin hardens before 
erystallization is complete. This is prevented by cover- 
ing the films after about 45 see with a shallow lid, to 
reduce the rate of evaporation (a flat brass ring 2 in. in 
diameter and a second cover glass are convenient). The 


< 


Fic. 3. Detail of structure of crystals deposited from a 
1% solution of y-hexachlorocyclohexane (x 120). 


celloidin base is estimated to be approximately 0.15 yu 
thick when dry. A small proportion of films have to be 
discarded because of irregular or unevenly spaced erystal- 
lization. Less seeding is needed in y-hexachlorocyelohex- 
ane than in DDT; and less is needed in the higher con- 
centrations of either, crystallization being more rapid 
and spontaneous. When crystallization is complete and 
the celloidin hardened, the cover glasses may be stacked 
up for a time until needed; a standard 5 in. x3 in. ¢ard 
index drawer equipped with slotted racks is convenient 
for storage. The films of DDT are more persistent than 
those of y-hexachlorocyelohexane. 

The general appearance of part of the DDT deposit 
showing the centers from which crystallization radiates is 
shown in Fig. 1. Fig. 2 shows detail of DDT erystal 
structure under magnification, and Fig. 3 that of the 
more angular deposit of y-hexachlorocyelohexane. Fig. 4 
shows a simple test chamber convenient for use with 
Drosophila melanogaster Meig. The chamber is made 
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by clipping two cover glass films face to face, separated 
by a brass ring 3/16 in. thick and of internal diameter 
equal to the deposit circle. Such rings may be made by 
sawing off pieces 3/16 in. long from standard heavy- 
gauge brass pipe of suitable size. 


Fic. 4. Test chamber made by clipping two cover glass 
films face to face, separated by a brass spacer ring. 


Anesthetized insects are introduced into the chamber 
and exposed for varying periods of time. They may be 
anesthetized again for removal by slipping a strip of 
paper impregnated with ether between the ring and the 
upper cover glass, the glass being first moved a little 
to one side so that the deposit is off center and the ether 
strip does not touch it. The data obtained are susceptible 
to the usual probit analysis treatment. The great con- 
venience of the method lies in the rapidity with which 
films can be made and in the large number of tests that 
ean be carried out simultaneously. 


X-Radiation from Electron Microscopes 


John H. L. Watson and Luther E. Preuss 


Edsel B. Ford Institute for Medical Research, 
Detroit, Michigan 


We have had oceasion recently to monitor our electron 
microscope for x-radiation while taking motion pictures 
of electron microscope images (3). The survey was 
necessary from a health standpoint because the micro- 
scope was being operated under abnormal conditions, 
which were optimum not only for the motion-picture 
techniques but also for the production of x-rays. Fol- 
lowing the published work of Silverman et al. (2) on the 
same subject, the results of the survey may be of interest 
and are reported here along with the data of surveys con- 
ducted on 3 Detroit instruments operating under normal 
conditions. 

The abnormal conditions for motion-picture work are: 
(1) the final viewing screen is tilted at an angle of about 
30 degrees, and (2) the usual 25-mil condenser aperture 
is opened to 50 mils. Thus, a more intense beam is al- 
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lowed to strike an inclined target with a corresponding 
increase in x-ray hazard. Some remarkably high dosage 
rates were recorded for these circumstances. Fig. 1 


Fie. 1. 
scope at the location of the final viewing screen, the micro- 
scope set up for motion-picture studies. 


X-ray isodose curves from an EMU electron micro- 


shows rough isodose curves at the final viewing screen. 
The distances were measured from the microscope window 
to the unshielded, nylon window of the meter, and since 
the meter consisted of a chamber 8 in. long, the isodose 
curves may extend as much as 4 in. farther out than 
shown. If an individual spent 2 hr with his eye at the 
45 mr/hr position while focusing, he would be close to 
exceeding the formerly recommended maximum of 0.1 r 
per day. There would be danger of superficial erythema, 
especially to the eyes, which are prone to develop cata- 
racts under low-voltage x-radiation. Lead glass can be 
used as an effective shield, or 14-in. plate glass will inter- 
pose 2 half-value layers to reduce the radiation consider- 
ably for motion-picture work. 

Hillier (1) has recommended that the x-ray level be 
measured and guarded against whenever the nature of 
electron microscopic work involves the use of a condenser 
aperture greater than is supplied with the original in- 
strument. This observation is supported by the present 
work. 

A Tracerlab ‘‘Cutie-Pie’’ portable survey meter, which 
is an ionization chamber of an integrating type, was 
used for taking the measurements. When the readings 
were taken the meter was assumed to be bathed with radi- 


ation. Table 1 gives values of the dosage from the 
TABLE 1 
~ 
a 
3 
Location of 
dosage 
S ~ 
52 
2 
Edsel B. Ford Top port 10 10 
Institute, 50-mil Intermediate screen 65 24 Yes 
condenser aper- 230 No 
ture: gun Final screen 40 10 Yes 
saturated 40 No 
at 500 pa 
408 


microscope when it is set up for motion-picture studies. 
The dosage is measured at points directly in front of, 
and 3 in. from, an EMU microscope. The instrument in 
the ‘‘normal’’ operating condition means, with a satu- 
rated, biased source, no objective aperture, condenser cur- 
rent set so that one square in the specimen screen is 
illuminated, and the final magnification x 5,000. 

We have not found that dangerous overdosages may be 
received from microscopes operated under so-called nor- 
mal conditions with the usual 25-mil condenser aperture 
and an untilted final screen. To check this and to offer 
a suitable comparison with Silverman’s report, 2 micro- 
scopes in addition to our own have been surveyed in the 
vicinity of our laboratory (Table 2). The data are 


TABLE 2 
¢ 3 
Location of 
Instrument 
dosage S te en 
EBs 
o* 
&& ae 
Henry Ford Top port 0 0 
Hospital, gun Intermediate screen 13.5 11.0 Yes 
saturated 45.0 No 
at 200 pa Final screen 2.5 1.0 Yes 
4.0 No 
General Motors Top port 0 0 
Research, gun Intermediate scree 3.5 Yes 
saturated i ™ 22.0 6 No 
at 350 na Final screen 2.5 Yes 
5.0 1.0 No 
Edsel B. Ford Top port 10.0 10 
Institute, gun Intermediate screen 17.0 7.5 Yes 
saturated 65.0 No 
at 500 pa Final screen 7.5 0 Yes 
10.0 No 


taken again under the same conditions as in Table 1, 
except that the screen is not tilted and a 25-mil condenser 
aperture is used. In Table 2 it is seen that for the in- 
struments operated in a normal fashion the dosages are 
low, and, unless an operator remained for unusually long 
periods or was constantly closer than 3 in., he would be 
well within tolerance limits. However, since normal op- 
eration is likely to be defined in a variety of ways, be- 
cause there are so many variables in a measurement of 
this sort and because tolerance limits are being subject 
to constant revision, it is recommended that instruments 
be monitored by individual laboratories. 

Maximum dosages are given in the table, which are 
maximum only for the conditions cited, namely, for vari- 
ations in condenser current. Dangerous maximum dos- 
ages are recorded, but the conditions giving rise to them 
are usually transient in the microscope, and it is doubtful 
that personnel would receive daily doses above tolerance 
from them. A specimen holder (without a specimen 
sereen) reduces the dosage considerably, and in all cases 
it seems that the dosage from the intermediate screen is 
that to be most guarded against. This may be made 
negligible by discarding the angled screen and using one 
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that presents a flat surface to the incident beam. Further 
protection can be secured at the intermediate level by use 
of the magnetic shielding provided. 

X-radiation from the top port, which might have been 
expected to be the most intense, is apparently eliminated 
by supplying the microscopes with lead glass. The inter- 
mediate and final levels do not seem to be so much pro- 
tected in these 3 microscopes. The x-radiation from the 
top port can also be minimized by discarding the angled 
sereen. 


References 
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700. 
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A Low-Temperature Incubator 


Joseph C. Picken, Jr., and Wallace R. Bauriedel 


Veterinary Research Institute, lowa State College, 
Ames, lowa 


Occasionally the need arises for an accurate and versa- 
tile low-temperature incubator or BOD box, but the pur- 
chase of a commercial unit is not always justified. In 
this laboratory a large incubator operating at 28° C and 
containing 4 fluorescent light fixtures was required for 
the incubation of microbiological assay tubes of Euglena 
gracilis. Commercial BOD boxes available at that time 
did not have adequate usable incubating space to serve 
this purpose, but a standard household refrigerator was 
easily converted into a large-capacity, low-temperature 
incubator. 

The conversion was accomplished by building and in- 
serting on the top full-width shelf of the refrigerator the 
unit shown schematically in Fig. 1. Dimensions have 
been omitted, since actual construction details depend 
upon size and position of shelves and freezing unit in the 
refrigerator being converted. This conversion unit effects 
the isolation of the cooling coils of the refrigerator from 
the rest of the box, and, by means of controls, the desired 
temperature of the remainder of the box ean be main- 
tained. No mechanical modifications of the refrigerator 
are necessary, the unit is easily removed to allow normal 
use of the refrigerator, and the refrigeration mechanism 
is not put under any strain. The necessary materials, a 
sensitive thermoregulator and a relay, a coil heater, a fan, 
and various other items, are readily obtainable. 

The freezing unit is isolated from the rest of the box 


with rigid insulation bourd (%-in. Celotex sheathing) 
partitions. The edges of the insulation boards are edged 
with rubber weatherstripping to form a snug seal at the 
back wall, side wall, top, anc door of the refrigerator. 


- Thermo! Window 


Weatherstrip 


insulation Boord 
Thermoreguictor 


Retrigeretor Shelf 
Fic, 1. 


The isolated freezing unit is thus allowed to operate nor- 
mally, and the amount of ‘‘cold’’ transferred to the rest 
of the box can be controlled by means of a ‘‘ thermal win- 
dow,’’ a sheet of metal fitted into an opening in the verti- 
cal insulation board next to the freezer. This window 
acts as the cooling surface for the air in the rest of the 
box and is made large enough to transfer more heat than 
is produced by the fan motor and other heat sources. 

The temperature of the circulating air is then adjusted 
by a heater coil that is actuated by a thermoregulator 
assembly. The heater and thermoregulator are placed, as 
indicated, on a support that also serves to force the seal of 
the unit to the side walls, and to direct the flow of air. 
The fan is attached to a wooden support that also rein- 
forces the partitions, and is placed so that by its direction 
of rotation it draws air up from the box, forcing it past 
the thermal window and heater, and down into the box 
again (Fig. 1). The sensitive bimetallic end of the 
thermoregulator is placed below the fan so that it is 
affected by the air coming up from the box. The relay 
control box is placed outside the refrigerator. Necessary 
electrical wiring to the fan, heater, and thermoregulator 
is passed between the box and the rubber insulation of 
the door. 

With the refrigerator operating at a temperature colder 
than is necessary, the thermoregulator can be adjusted to 
maintain the desired temperature in the box. Tempera- 
tures ranging from 7° to 40° C can be maintained, with 
no greater variation than + 1° C throughout the incubating 
space. 
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Analytical Absorption Spectroscopy: Absorptimetry and whole, well presented. It is regrettable, however, that 


; Colorimetry. M. G. Mellon, Ed. New York: John more recent information is not included in the chapter e 
3 Wiley; London: Chapman & Hall, 1950. 618 pp. on infrared spectroscopy. For example, one is disap- 

as $9.00. pointed to find that the discussion on nondispersive ana- a 
3 In the words of the editor, ‘‘The present volume on _ lyzers is limited to the negative filter type, with no men- a 
= absorptimetry and colorimetry has been written almost tion of the later use of pneumatic detectors. Similarly, tl 
2 entirely from the viewpoint of what seems of most prac- the Golay infrared detector, which has met favor with 
y tical concern in a modern chemical testing and analytical many workers, has been neglected. The discussion of - 
9 laboratory.’? The nine chapters with their contributing techniques involved in applications of the method might ' a 
a authors include: also have been developed more thoroughly. 7 
tex Although these and other minor shortcomings may be 
a Parnas a M. L. Moss; “Physics: General Principles of found, the various aspects of the field have been well 2 


Absorptimetric Measurements,” M. G. Mellon; “Color Com- 
parimeters,” W. B. Fortune; “Filter Photometers,” R. H. 
Muller; “Spectrophotometers: Ultraviolet and Visible Re- 
gions,” K. S. Gibson; “Photographic Methods,” E. R. Holi- 
day; “Applications of Ultraviolet and Visual Spectrophoto- 
metric Data,” E. I. Stearns; “Spectrophotometers: Infrared 
Region,” L. J. Brady; and “Measurement and Specification 
of Color,” Deane B. Judd. 

The reader will find that, in general, the discussions are 
limited to applications of the methods with little more 
than a brief introduction to the underlying theories. 
Ample references are given, however, if it is necessary 
to obtain information in greater detail than is justified 
in a general reference book of this type. Of special im- 
portance to the analytical chemist is the careful consider- 
ation given to the sources of errors that may be encoun- 
tered and the proper means for minimizing their effects 
on analytical results. 

Another indication that the authors had the welfare of 
the analytical chemists at heart is the attention given to 
the standardization of nomenclature. Workers in the 
field can appreciate the task involved in compiling a book 
of this type when the situation is one which may be 
described as virtually a state of anarchy, with each 
worker steadfastly adhering to his own code. Through- 
out all this the analyst has been but a voice erying in 
the wilderness. It is hoped that he may derive some 
comfort from the care with which the nomenclature has 
been handled here. Even so, one complete chapter is 
based on another system (chapter 6). 

Obviously, one may expect considerable overlapping in 
subject matter from chapter to chapter when each is 
written by a different author, but it is sufficiently ex- 
tensive in this case to suggest that more care could 
have been exercised in the editing. As a case in point, 
there is little reason that one should find a more com- 
plete description of filters in the chapter on spectrometers 
than he finds in the chapter on filter photometers. The 
net result, then, is that each chapter is more or less com- 
plete unto itself which, after all, may be of some 
advantage. 

For the most part, the volume is up to date, with refer- 
ences as recent as 1949, and the subject matter is, on the 


410 


summarized. This is especially true of the chapters on 
chemistry, spectrophotometers (VS and UV), spectropho- 
tometrie data, and the measurement and specification of 
color. It is also gratifying to find that the photographic 
method has not been overlooked and that its usage has 
been ably covered. For these reasons, the analyst will 
find this to be a useful reference book on the applica- 
tion of absorption spectroscopy. 

Rosert E. Torey 
Analytical and Testing Division 
American Cyanamid Company 


Das Polarisationsmikroskop als Messinstrument in Bi- 


ologie und Medizin. Hans H. Pfeiffer. Braunsch- 
weig, Germany: Friedr. Vieweg, 1949. 94 pp. DM 
8.50. 

Chemische Spektralanalyse, Vol. I. 4th ed. Wolfgang 
Seith and Konrad Ruthardt. Berlin, Germany: 
Springer-Verlag, 1949. 173 pp. DM 16.50. 


The polarizing microscope, long an indispensable in- 
strument for petrographic research, has become of .in- 
creasing importance in other fields of science. The pres- 
ent brief monograph was written to acquaint biologists 
with qualitative and quantitative methods of polarizing 
microscopy as employed in the study of biological objects. 
In the restricted space of 94 pages the author gives a 
competent treatment of the subject which, as he sees it, 
will become of steadily increasing importance. 

After a discussion of fundamental concepts and defini- 
tions and of the different types of birefringence, espe- 
cially those produced by oriented submicroscopiec ele- 
ments, the construction and operation of the polarizing 
microscope are described in some detail. The second 
chapter, representing methodology, deals with the prepa- 
ration of biological samples for measurements with polar- 
ized light. The third chapter contains metronomie de- 
tails regarding quantitative measurements and the use of 
different types of compensators for the exact determina- 
tion of phase differences. 

This handy little volume may be of great value for 
biologists who want to obtain reliable information in 
this field. 
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In Chemische Spektralanalyse the authors’ purpose is 
to give chemistry students or industrial chemists sufficient 
information for handling spectrographie equipment and 
auxiliary apparatus and to familiarize them with the 
most important methods of qualitative and quantitative 
spectroscopic analysis. This goal is reached by detailed 
discussion of about thirty typical laboratory experiments. 
Clear drawings and photographie reproductions facilita’ 
easy understanding. 

The treatment is confined to methods and equipment 
developed and used in Germany. The authors are aware 
of this deficiency and intend to include discussions of 
the progress of English and American research in the next 
edition. Indeed, this would greatly increase the value 
of this manual and would automatically bring the treat- 
ment of grating spectrographs into the scope of the text. 
The -fact that the book came out in its fourth edition is 
sufficient proof of its usefulness for instructing students 
at German universities. Instructors in spectrography at 
American universities may also profit from the study of 
this book, which is written in a clear and easy German. 

K. W. MEISSNER 
Department of Physics 
Purdue University 


Industrial Instrumentation. Donald P. Eckman. New 
York: Wiley; London: Chapman & Hall, 1950. 396 
pp. $5.00. 


As the author states in his preface this is an introduc- 
tion to the science of measurement rather than to the 
detailed study of the mechanism to accomplish the meas- 
urement. A single volume with a thorough coverage of 
instrument types is quite welcome. Illustrative of this 
coverage is the chapter on mechanical measurements, 
which includes displacement gauges, strain gauges, force 
meters, velocimeters, and accelerometers. We can find in 
this book electrical, mechanical, and pneumatic measur- 
ing means for measuring pressure or differential pressure, 
as well as such diverse instruments as the mass spectrom- 
eter and the polar planimeter. The large number of 
illustrations, all of which are schematic, add materially 
to the written word. 

The book collects in one volume practically all the con- 
ventional methods for the measurement of physical 
phenomena. Many of these are in general industrial use 
today, but others find application only in research and 
testing laboratories. In that the laboratory instruments 
of today will become the industrial instruments of to- 
morrow, this volume should be of interest to all industial 
instrument engineers. The chapter on ‘‘Methods for 
Composition Analysis’’ is indicative of this fact, for it 
will introduce to many readers new measurement methods 
based on well-known physical phenomena. The author 
has often departed from instrument methods to delve 
into the fundamental physics pertaining to the particular 
measuring problem. These departures extend from the 
entire first chapter on ‘‘ Qualities of Measurement’’ to 
the next to the last chapter on ‘‘Flow Metering.’’ In- 
dustrial Instrumentation should be a welcome addition 
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tu the schvols and colleges that have or are adding courses 
in industrial instrumentation and control. The prob- 
lems included in each chapter will extend the book’s 
usefulness in classroom work. Many of these require an 
analytical approach through fundamental physies before 
the answer can be determined. An appendix of 23 tables 
is of added interest to both the student and the instru- 
ment engineer. The author has done an excellent job 
in presenting the many means for measuring physical 
phenomena. As a companion volume to Eckman’s first 
book, Principles of Industrial Process Control, it is a 
continuation of the author’s clear presentation of the 
fundamentals involved. 

Water P. WILLS 
Brown Instruments Division 
Minneapolis-Honeywell Regulator Company 


Metallurgical Applications of the Electron Microscope. 
London, England: Institute of Metals, 1950. 164 pp. 
$3.50. 


This volume consists of 14 papers presented at a sym- 
posium organized by the Institute of Metals and held at 
the Royal Institution, London, on November 16, 1949. 
The purpose of the symposium was to draw together 
workers from all parts of the world to review and dis- 
cuss the present state of the field of electron microscopy 
as applied to metallurgy. Among the countries. repre- 
sented were England, France, United States, Belgium, 
and Germany. 

Since the volume comprises the separate papers pre- 
sented at the symposium, there is some repetition, par- 
ticularly in the introductory discussion of electron micros- 
copy. The arrangement of the book places the more 
general papers concerned with instruments and associated 
techniques at the beginning, followed by those dealing 
with specific problems and applications. 

The subject matter will be of interest primarily to 
those actively engaged in the electron microscopy of solid 
surfaces. The standard replication techniques and varia- 
tions thereof are quite fully treated and the results ob- 
tained by them compared and eriticized. The applica- 
tions of interest to metallurgists include brasses and 
bronzes, steels, aluminum alloys, and nickel-chromium al- 
loys. Precipitation and age-hardening problems repre- 
sent the bulk of the applications, although the etching 
of pure aluminum, studies of slip lines, fracture, and 
metal powders are also presented. The papers are all 
well illustrated with high-quality reproductions of elee- 
tron micrographs. 

The concluding General Discussion shétld be of con- 
siderable interest, with its pertinent questions concerning 
replicas and their interpretation and the recognition of 
etching reactions as a little-understood phenomenon. One 
or two short contributions not included in the symposium 
proper are found in the discussion. 

It is hoped that such symposia will be held in the fu- 
ture and that the subject matter will be published in as 
effective a manner as was this one. 

Rosert D. HEIDENREICH 
Bell Telephone Laboratories 
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Biophysical Research Methods. Fred M. Uber, Ed. New 
York-London: Interscience, 1950. 667 pp. $9.50. 


In the seventeenth century theoretical medicine devel- 
oped along two pathways, the iatromathematical, and the 
iutrochemical, the former school regarding physiological 
processes as consequences of the laws of physics, the 
latter assigning chemical explanations to vital phe- 
nomena. Although not your Compleat Iatromathema- 
tician, the present publication, comprising contributions 
from a diversity of laboratories, both here and abroad, 
effectively covers modern basic areas of operation: 

Avoid Fruitless Experiments, F. M. Uber; Osmotic Pres- 
sure Measurements, D. R. Briggs; Centrifugation, E. G. 
Pickels; Viscosity Measurements, L. V. Heilbrunn; Tem- 
perature Determinations, L. R. Prouty and J. D. Hardy; 
Calorimetric Measurements, M. Kleiber ; Quick-Freezing and 
the Freezing-Drying VProcess, E. W. Flosdorf; Bioelectric 
Measurements, LU. J. Curtis; Electrophoresis, D. R. Briggs; 
Ultrasonic Vibrations, E. C. Gregg, Jr.; When to Use Special 
Microscopes, O. W. Richards ; Electron Microscopy, J. Hillier ; 
Action Spectra and Absorption Spectra, H. F. Blum; X-Rays 
and X-Irradiation, J. W. Gowen; Electrons, Neutrons, and 
Alpha Varticles, L. Il. Gray; Stable Isotopes as Tracers, F. 
M. Uber; and Radioactive Tracers, A. F. Voigt. 

In general there is a combination of theoretical and 
practical considerations of some of the most useful tech- 
niques of modern biophysics. Much of the information 
is standard and readily available in existing texts, 
whereas other portions deal with relatively recent devel- 
opments, e.g., thermistors. The book represents a con- 
venient grouping of a number of methods for a brief but 
comprehensive survey, with about 31 percent of the vol- 
ume devoted tv x-rays, nuclear physics, and isotopes. 
There is a subject but not an author index, and each 
chapter gives adequate references to earlicr literature, in 
muny cases arranged under distinctive headings. 

A refreshing down-to-earth initial chapter by the edi- 
tor, on ‘‘How to Avoid Fruitless Experiments,’’ is en- 
livened by several homey cartoons. These considerations 
are of general value not only in biophysics, but in any 
science. Expanded into a formal course of lectures, they 
would be useful to the graduate student embarking on 
his career. The chapter could well have been amplified 
into a survey of the techniques of recording observations, 
indexing notebooks, making calculations, plotting results, 
checking one’s work, and efficiently presenting data in 
tabular form. 

Brief statements or tables of typical values for bio- 
logical fluids or living cells would have been enlightening 
in certain instances, but the reader can remedy some of 
these omissions by reference to Tabulae Biologicae. The 
chapter on centrifugation devotes itself exhaustively to 
the use of centrifuges for determination of sedimentation 
constants of materials in solution. No reference is made 
to such applications as determinations of surface forces 


of, and interfacial tensions within, living cells or separa 
tion of groups of cells from heterogeneous mixtures. The 
evaluation of the ingenious centrifuge microscope in 
chapter 4 strikes this reviewer as captious, in view of 
the results obtained with it and recorded in the literature. 
Moreover, the facile generalization (p. 128) ‘‘that the 
correlations between protoplasmic activity and viscosity 
appear to be much more satisfactory than any correla- 
tions between such activity and respiration’’ is at least 
debatable. Likewise, to state (p. 108) that ‘‘the only 
plausible theory of stimulation and response is a colloidal 
theory that involves the assumption of marked viscosity 
changes within the protoplasm’’ is to ignore the work 
of numerous observers in the field of nerve and muscle 
activity. 

L. R. Prouty and J. D. Hardy ably cover the techniques 
of temperature measurement. The section on ‘‘ Theory 
of the Master Reaction’’ contains some misconceptions 
of Crozier’s views. ‘‘Sharing’’ of control of frequencies 
(e.g., heart beat) by several processes with different p’s 
is impossible—in that event, Arrhenius plots concave up- 
ward would necessarily be common. Only three have been 
found, and their mechanism is understood; y sometimes 
changes in the range of free reversibility but not always. 
Crozier did not conceive of simple successive reactions as 
determining apparent abrupt change of y. It was early 
pointed out that these abrupt changes, when they occur, 
cluster at particular critical temperatures, and that this 
denotes physical change in the reaction matrix. 

The chapter on bioelectric measurements, by H. J. 
Curtis, fills a real need. In the material on ultrasonics, 
it would have been more helpful to point out the practi- 
cal biological significance of the theoretical considera- 
tions of ultrasound; for example, reflection coefficients 
are concisely covered, but nothing is said about cellular 
or tissue morphology where this might appear. In Chapter 
12, before dealing with technical aspects, the author con- 
siders the economic and personnel factors involved in the 
acquisition and operation of an expensive and space-con- 
suming instrument like the electron microscope. Another 
chapter discusses the factors involved in setting up a 
radiochemical laboratory. 

There is no separate treatment of the basic problem of 
cell permeability, nor an introduction to methods of 
mathematical biophysics. A special chapter might well 
have been devoted to the cathode-ray oscilloscope, one of 
the most versatile tools in the biophysical laboratory. 

The volume should prove useful for the worker who, in 
seeking the solution to his problem, wishes to survey the 
potentialities of different biophysical techniques. 

HERBERT SHAPIRO 
Department of Physical Medicine 
University of Pennsylvania 
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News and Notes 


London Conference on Optical Instruments 


Stanley S. Ballard 
Physics Department, Tufts College, Medford, Massachusetts 


This conference, with a membership of 250, was held 
at Imperial College, London, July 19-26. Although the 
great majority of the attendants were from the United 
Kingdom, 14 other countries were represented. The con- 
ference was limited to practical rather than theoretical 
questions, and it was further constrained to symposia on 
reflecting microscopes, reflecting telescopes, phase-con- 
trast microscopes, spectrophotometers, gratings and grat- 
ing instruments, photographie and projection lenses, and 
new optical materials. The manuscripts presented will 
be published in a volume by Chapman and Hall, Ltd. 
(John Wiley and Sons, Inc.), late this winter. 

A significant feature of the conference was the op- 
portunity provided to discuss the papers, and many im- 
portant contributions were made in the course of the 
discussions. For instance, in the session on reflecting 
microscopes it was made clear that there is much activity, 
especially in England, the U. S., and Holland, on the 
designing of catadioptric systems, where the reflecting 
surfaces may be either spherical or aspherical. The ap- 
plications of reflecting microscopes in biophysics and bio- 
chemistry are numerous and appear to be increasing at a 
rapid rate, probably largely beeause of the greater effec- 
tiveness of these systems in ultraviolet work over the 
conventional refracting systems. 

Phase-contrast is another technique that is achieving 
wide use in microscopy. A new accessory was presented 
by M. Francon, of the Institut d’Optique of Paris, which 
permits the ready conversion of an ordinary microscope 
for phase-contrast use. 

In a session on spectrophotometers it was emphasized 
that this instrument must now be regarded as a standard 
analytical tool for the monitoring and the control of ap- 
propriate industrial color processes rather than just an 
academic research item. It was indicated that the future 
trend in the design of spectrophotometers will be in the 
adaptation of the simpler single-beam instruments for 
double-beam use, rather than in the construction of more 
complicated double-beam or memory-device, single-beam 
instruments. Two methods for effecting this simplifica- 
tion have already been developed, at least partially: one 
by Halford and Savitzky, of Columbia University, em- 
ploying phase discrimination, and the other by a group 
at the University College, Southampton, England, using 
different chopping frequencies for the sample and the 
comparison beams and an electronic method of balanc- 
ing out the comparison signal. 
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The new echelle gratings, which have been developed 
at the Massachusetts Institute of Technology and the 
Bausch and Lomb Optical Company,,were described to 
an interested audience. These high-resolution gratings 
are best used in conjunction with an ordinary spectro- 
graph, where they increase the useful dispersion by a fae- 
tor of 10-50 with very little decrease in photographic 
speed. A method of achieving higher disperson and reso- 
lution, using a conventional diffraction grating two or 
three times over by reflecting the light back in the 
**blaze’’ direction, was described by Hulthén of Sweden. 
A new method for making high-quality plane diffraction 
gratings is being developed at the National Physical Lab- 
oratory in England, following the suggestions of Sir 
Thomas Merton. It employs an ingenious method of 
correcting the periodic errors of the ruling-engine screw. 
The series of elaborate tests developed for testing the 
quality of the gratings is particularly noteworthy, but 
can only be fully appreciated when one has the oppor- 
tunity of examining the setup. Plans for the large as- 
tronomical telescope for Great Britain were described and 
were the subject of much discussion. This, apparently, 
is a field in which it is considered dangerous to follow 
any but the conventional instrumental pattern because of 
the large amount of money involved in. the building of 
large telescopes. Nevertheless, the British are starting 
out in a somewhat new direction with their dual-purpose 
telescope. 

The use of combined refracting-reflecting optical sys- 
tems in a high-precision theodolite was demonstrated by 
Lotmar of Switzerland. The resulting compactness and 
high optical quality of this system commend it for further 
study, not only for transits but also for high-powered 
military telescopes. 

It seemed to the writer that the outstanding features 
of this excellent conference were the restriction of the 
subject matter to a few important items, the skillful 
scheduling of papers and allowance for adequate (and 
sometimes previously planned) discussion, the inspiring 
leadership provided by the several chairmen during dis- 
cussion periods, and the sustained interest of the confer- 
ence members throughout the five days of meetings. The 
contrast with some of our crowded, multipapered, simul- 
taneous-sessioned scientific meetings is too apparent to 
require comment—it must be true that useful, although 
quite different, purposes are served by both types of 
meetings. 
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The Thirteenth Meeting of the Meteoritical Society 


John A. Russell 
Department of Astronomy, University of Southern California, Los Angeles 


Meteoriticists from Michigan to California convened at 
Flagstaff, Arizona, on September 5 for the 13th meeting 
of the Metevritical Society. lost of the society for the 
sessions on September 5 and 6 was the Museum of North- 
ern Arizona, whose director, Ilarold 8. Colton, extended 
the visitors every courtesy. 

In the course of the two-day program, 27 papers were 
presented on such varied topies as direet and speetro- 
graphie observations of meteors, laboratory investigations 
of high-speed impuet, air drag on eubes at high Mach 
numbers, mineralogical analyses of a number of mete- 
orites—including several old Japancse falls—anthropo- 
logical aspects of meteorites, recently discovered terres- 
trial eraters of possible or probable metecoritie origin, 
subsurface studies at the Barringer Meteorite Crater, a 
proposed college curriculum in meteorities, age deter- 
mination of metallic meteorites through their helium 
content, meteoritieal great cirele problems, phenomena 
erroneously attributed to meteorites, a lost meteorite, 
and an estimate of the energy of the great Siberian 
meteorite based on the theory of atomie clouds. 

The guest speaker at the society dinner, which fol- 


lowed the sessions of the second day, was Assistant Dirce- 
tor E. D. MeKee, of the Museum of Northern Arizona, 
His illustrated lecture on shooting the rapids through the 
Grand Canyon of the Coloradv was an enjoyable diver- 
sion. It was followed by a showing of motion pictures 
of solar prominences filmed at the Harvard Observatory 
Station at Climax, Colorado. 

The third day of the meeting was spent at the Bar- 
ringer Meteorite Crater at the invitation of its owners, 
The Standard Iron Company of Philadelphia, and its 
curator, Theedore Jolnson. A general exploration of 
the erater from its floor to areas well outside its rim was 
made during the morning. After lunch, a closing session 
was held on a promontory overlooking the erater. The 
high light of the afternoon was the report of the retiring 
president of the society, Arthur S. King. Dr. King out- 
lined the notable advances in meteoritics during the past 
four years and expressed to President-elect L. F. Brady, 
eurator of geology at the Museum of Northern Arizona, 
his best wishes and his confidence that the progress of 
the last four years would continue through Dr. Brady’s 
administration. 


About People 


G. Lyman Duff, dean of the 
Faculty of Medicine, McGill Univer- 
sity, will deliver the 13th annual 
Louis Gross Memoria] Lecture, spon- 
sored by the Montreal Clinical So- 
ciety, on October 25 at the Jewish 
General Hospital in Montreal. Dr. 
Duff’s suljeet will be ‘‘The Patho- 
genesis of Atherosclerosis.’’ 


William F. Ehret, professor of 
chemistry at New York University, 
is on leave for the academic year 
1950-31 and is serving as visiting 
professor at the University of 
Hawaii. 


Recent appointments to the staff 
of the Department of Physics, Uni- 
vrsity of Connecticut, are Edgar 
Everhart, assistant professor, and 
Otis R. Gilliam, instructor. Dr. 
Everhart was previously instructor 
in physies at Dartmouth College 
and a staff member of the Radia- 
tion Laboratory at MIT. Dr. Gil- 
liam comes from the Graduate School 
at Duke University. 
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J. J. Galloway, professor of stra- 
tigraphy and paleontology at Indi- 
ana University, is on sabbatical leave 
for the fall semester, in order to 
complete his study of the stratig- 
raphy and paleontology of the Llar- 
rodsburg (Mississippian) limestone 
of Indiana. Tom G. Perry, of the 
University of Toronto, has been ap- 
pointed instructor in geology to 
teach courses in stratigraphy and 
invertebrate paleontology. 


Elmcr Hutchisson, of Case Insti- 
tute of Technology, Cleveland, will 
serve as acting president during the 
leave of absence of T. Keith Glen- 
nan, who has accepted an appoint- 
ment as a member of the Atomic 
Energy Commission. Dr. Hutchisson 
will continue in his position as dean 
of the faculty and director of re- 
search and of the Graduate Division. 


William B. Nutting, of Cornell 
University, Harold Rauch, of Brown 
University, Bronislaw M. Honig- 
berg, of the University of Califor- 
nia, and Lyle C. Dearden, of the 


University of Kansas, have been ap- 
pointed instructors in the Depzart- 
ment of Zoology at the University 
of Massachusetts. 


Paul Marsh Pitman will be inaug- 
urated president of the College of 
Idaho, Caldwell, on October 14. L. 
A. Williams has been acting presi- 
dent. 


I. I. Rabi, professor of physies at 
Columbia University, has been ap- 
pointed to membership on the U. 8. 
National Commission for Uncseo. As 
a member of the U. 8. delegation to 
the Uneseo General Conerence in 
Florence last spring, Dr. Rabi was 
largely responsible for the adop- 
tion of a resolution to assist and en- 
courage the formation and organiza- 
tion of regional research centers and 
laboratories in order to increase the 
international collaboration sci- 
entists. 


Ada Chree Reid was elected presi- 
dent of the Medical Women’s In- 
ternational Association at its sixth 
congress in Philadelphia. Dr. Reid 
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is editor of the Journal of the 
American Medical Women’s Associa- 


tion and attending cardiologist at 
New York Infirmary. 


Warner F. Sheldon, assistant pro- 
fessor of pathology in the University 
of Pennsylvania School of Medicine, 
has been elected director of the 
Mount Desert Island Biological Lab- 
oratory, Salisbury Cove, Maine. Dr. 
Sheldon succeeds J. Wendell Burger, 
associate professor of biology at 
Trinity College. 


Thomas C. Watkins, professor of 
economic entomology at Cornell Uni- 
versity, has gone to the University 
of Miami, Coral Gables, Fla., to 
complete a sabbatical leave study. 
Dr. Watkins will devote his major 
attention to studies and collections 
of inseet pests of subtropical plants, 
including citrus fruits. He is mak- 
ing his headquarters at the Sub- 
tropical Horticultural Farm recently 
established at the university. 


Visitors 


Recent visitors at the U. 8. Geo- 
logical Survey, Washington, D. C., 
were: Leslie Kent, Geological Sur- 
vey, Union of South Africa; B. G. 
Escher, Leyden University, Nether- 
lands; J. H. F. Umgrove, Waas- 
senaar, Netherlands; Felix Andres 
Vening-Meinesz, Meteorological In- 
stitute, Netherlands; J. F. Cox, 
Free University, Brussels; Jean 
Goguel, Institute of Geophysics, 
Geology and Mining, Paris; and C. 
E Tilley, University of Cambridge, 
England. 


Recent visitors at the National 
Bureau of Standards were: E. C. 
Bullard, head of the National 
Physical Laboratory, Teddington, 
England; Pierre Fleury and Maur- 
ice Francon, of the Institut d’Op- 
tique, Paris; M. Caneppa and Bruno 
de Finetti, of the Istituto Nazion- 
ale per le Applicazioni del Calcolo, 
Rome; Jacques F. Cox, Univer- 
sity of Brussels; Ryosuke Hama, 
Institute of Science and Teclhnol- 
ogy, University of Tokyo; Marc 
Kampe de Feriet, Ecole Centrale de 
Paris; Hugh O’Neill, University 
College, Swansea, Glamorganshire, 
Wales; Giulio Racah, The Hebrew 
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University, Jerusalem; Ivan A. 
Rubinsky and Elie Rubinsky, Amer- 
ican University, Beirut; Elie Rou- 
bine, L’Ecole Supérieure d’Elcetri- 
cit¢é, Paris; and Dennis Brown, «s- 
sociate professor, Auckland Univer- 
sity College, New Zealand. 


Grants and Awards 


The Hematology Research Founda- 
tion, of Chicago, recently awarded 
the following fellowships: The Ruth 
Berger Reader Fellowship to Fern 
L, Stevenson, at Hektoen Institute 
for Research, Cook County Tlospital ; 
the Robert L. Goldblatt Fellowship 
to Abe Oyamada, at Mount Sinai 
Hospital; and the Dr. Raphael 
Isaacs Fellowship to Aaron M. 
Josephson, at Michael Reese Hos- 
pital. 


William F. Little, engineer in 
charge of the Photometrie Depart- 
ment, Electrical Testing Labora- 
tories, New York City, has received 
the 1950 Illuminating Engineering 
Society Medal, awarded annually in 
recognition of achievement which has 
furthered the profession, art, or 
knowledge of illuminating engineer- 
ing in the field of engineering, de- 
sign, applied 
ophthalmology, 
edueation, or 
management, 


illumination, opties, 
lighting research, 
administration and 


Colleges and Universities 


A center for advanced training 
and research in zoolory is heing de- 
veloped at the University of Mlin>’s 
in its musevm of n«tural history. 
Latest additions to the cdueational 
collection are 450 specimens of ani- 
mal life from the Huachuea Moun- 
tains of Arizona, collected by Don- 
ald F. Hoffmeister, museum curator, 
and Richard Van Gelder, of Ft. Col- 
lins, Colo., graduate student at IIli- 
nois, in a month-long summer trip. 
Added to 350 specimens from the 
Huachuea region already at the Uni- 
versity, they provide the greatest 
collection of mammals from the 
area assembled in any museum. 


The University of North Caro- 
lina is offering postgraduate medical 


courses for practicing physicians in 
the state, sponsored by the School 
of Medicine and the Extension Di- 
vision of the university. The courses 
will be given at towns 
throughout the state. Speakers for 
two courses arranged for this fall 
include Louis A. M. Krause, Uni- 
versity of Maryland, Milton L. Me- 
Call, Jefferson Medical College, Eu- 
gene B. Ferris and A. A. Weeeh, Uni- 
versity of Cincinnati, H. Houston 
Merritt, Columbia University Col- 
lege of Physicians and Surgeons, 
Bentley P. Coleoeck, The Lahey 
Clinie, E. T. Bell, University of 
Minnesota, Eugene Stead, Duke Uni- 
versity, and Harold D. Green, Bow- 
man Gray School of Medicine. 


various 


The Stritch Mocdical School, Loy- 
ola University, Chiengo, presented 
its second televised postgraduate con- 
ference in obstctries and gynecology, 
September 25-29, at the Lewis Me- 
morial Hospital. The 
program was made possible through 
the cooperation of E. R. Squibb & 
Sons and the Radio Corporation of 
Ameriea. Among those taking part 
were William J. Dieckmann, Univer- 
sity of Chicago, Ralph A. Reis and 
Ronald R. Greene, Northwestern Uni- 
versity, and Harry A. Oberhelman 
and John J. Madden, of Stritch 
Medical School. 


Maternity 


The Institute for Fluid Dynam- 
ics and Applied Mathematics, Uni- 
versity of Maryland, is sponsoring 
a series of publie lectures and semi- 
nars during the fall aeademie term. 
Six lectures will he given by Joseph- 
Marie Kampe de Feriet. professor of 
mathematics, Lille, 
who is visiting res arch profcssor at 
the institute. Dr. de Ferict‘s first 
group of lectures, to be held Octo- 
ber 17-19, will be on aspects of 
‘Spectrum of Turbulence and Dif- 
fusion.’’ The second group of lee- 
tures will be on ‘‘ Atmospheric Tur- 
bulence,’’ to be given Decemier 12- 
14. Weekly seminars on ‘‘Statisti- 
eal Theory of Turbulence’’ will be 
conducted by Dr. de Feriet, and Al- 
exander Weinstein, researeh pro- 
fessor at the institute, will conduct 
seminars on ‘‘Hilbert Space and 
Theory of Vibrations.’’ Sydney 
Goldstein, professor of mathematics, 


University of 
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[ustitute of Téchnology, Haifa, gave 
a series of lectures during September 
and early October. Further infor- 
mation about the seminars, lectures, 
and colloquia of the institute may be 
obtained from Raymond J. Seeger, 
acting director of the institute, Col- 
lege Park, Md. 


A special committee on skin 
metabolism and regeneration has 
been established at the University 
of Texas Medical Branch, Galveston, 
to correlate studies in these fields 
with particular reference to the 
management of burns and radiation 
injury. Chairman of the committee 
is Clarence 8. Livingood, professor 
of dermatology and syphilology. 


Industrial Laboratories 


The Ercona Corporation, of New 
York City, has been appointed ex- 
elusive American agent for Carl 
Zeiss optical instruments, binoculars, 
and photographie lenses. A scien- 
tific instrument division has been set 
up by the corporation under the di- 
rection of Alfred Boch. A broad 
range of Zeiss instruments is now 
available for science and industry in 
America. 


The Fairchild Recording Equip- 
ment Corporation of Whitestone, 
New York, has manufactured a con- 
trol track generator which superim- 
poses a high-frequency signal on the 
magnetic tape simultaneously with 
the sound track. Available for im- 
mediate delivery. 


Instrument News, published quar- 
terly by The Perkin-Elmer Corpora- 
tion, Glenbrook, Conn., in the inter- 
ests of furthering research, material 
analysis, and production through 
modern optical instrumentation, is 
available on request. 


Fred 8. Carver, Inc., 345 Hudson 
Street, New York 14, manufacturer 
of hydraulic equipment, has issued 
a catalogue introducing the latest 
edition of the well-known Carver lab- 
oratory press for research and de- 
velopment. 


Bell Telephone Laboratories has 
developed a new technique for pho- 
tographing the pattern of sound 
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The method will be used for 
studying waves from communica- 
tions equipment and for observing 
microwave radio wave patterns. 


waves. 


Bausch & Lomb Optical Co. wili 
exhibit a new metallograph at the 
National Metal Show in Chieago, Oc- 
tober 23-27. 


Scientific Glass Apparatus Co. has 
released What’s New for the Lab- 
oratory, No. 10, containing descrip- 
tions of many new or improved lab- 
oratory aids. 


A new technical booklet describ- 
ing the use for Hercules Powder 
Company’s Vinsol resin in the pro- 
duction of Buna N cements and ad- 
hesives is now available. 


Lanco Apparatus News, published 
by Arthur 8S. La Pine & Company, 
121 West Hubbard Street, Chicago 
10, has been expanded to 8 pages 
covering laboratory supplies and 
reagents and industrial chemicals. 


Radio Corporation of America 
will exhibit 50 years of electronic 
engineering advances at the Mid- 
Century Exposition in Dallas, Texas. 
October 7-22. 


The Eastman Kodak Company’s 
Kodak Color Handbook provides a 
handy reference and guide for ad- 
vanced amateur and professional 
photographers in 248 pages at $4.00. 


Meetings and Elections 


St. Francis Sanitorium for Cardiac 
Children is presenting seminars on 
the nature and treatment of rheu- 
matic fever, on the first Tuesday 
of each month, October 10 to May 
8, 1951. The subjects for discus- 
sion each month are: 


Oct. 10—Nature of Rheumatic Fever. 

Nov. 14—Experimental Rheumatic- 
like Disease. 

Dec. 12—Present Concepts Regard- 
ing the Mechanism of Heart Failure. 

Jan. 9—Treatment of Rheumatic 
Fever with Cortisone and ACTH. 

Feb. 13—-Oxygen Therapy ’1 Heart 
Disease. 

Mar. 13—Salt Metabolism and Car- 
diovascular Disease. 

Apr. 10—Treatment of Congestive 
Failure in Rheumatic Heart Disease. 

May 8—Methods for Measuring Car- 
diodynamics. 


Further information may be ob 
tained from Reverend Mother Su- 
perior, F.M.M., St. Francis Sani- 
torium for Cardiac Children, Roslyn, 
Long Island, N. Y. 


An institute on coastal engineer- 
ing, sponsored by the Departments 
of Engineering and the Division of 
Engineering Extension, University 
of California, Berkeley and Los An- 
geles, will be held October 11-14, 
at the Municipal Auditorium, Long 
Beach. The conference is planned 
to summarize current information 
and techniques for engineers en- 
gaged in design, construction, opera- 
tion, and maintenance of coastal 
works. Topics for discussion include 
fundamentals of wave action, devel- 
opment of basic design data, natural 
and artificial movement of sediment, 
site criteria for harbors and other 
coastal works, and design and con- 
struction of structures exposed to 
wave action. Programs may be ob- 
tained from Department of Insti- 
tutes and Lectures, University Ex- 
tension, University of California, 
Los Angeles 24. 


The American Dietetic Associa- 
tion will hold its 33rd annual meet- 
ing in Washington, D. C., October 
16-20. Winthrop M. Phelps, medi- 
eal director, Children’s Rehabilita- 
tion Institute, Baltimore; O. Spurg- 
eon English, head of the Depart- 
ment of Psychiatry, Temple Uni- 
versity School of Medicine and Hos- 
pital, Philadelphia; John R. Me- 
Gibony, chief, Division of Medical 
and Hospital Resources, USPHS; 
William 8. Schram, Veterans Ad- 
ministration, Newark; and C. Glen 
King, scientifie director, Nutrition 
Foundation, New York City, will be 
among the speakers. A number of 
sessions will be concerned with food 
technology, institution management, 
and professional education. 


The fourth general assembly of 
the World Medical Association will 
meet in New York City, October 16- 
21. The association is composed of 
national professional groups in 39 
countries, and nearly all of these 
will be represented at the meeting. 
Objectives of the association are to 
promote closer ties among the na- 
tional medical organizations, to 
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maintain the honor and protect the 
interests of the medical profession, 
to study and report on professional 
problems in different countries, to 
exchange matters of interest to the 
profession, to establish relations with 
other health groups, to assist all 
peoples of the world to attain the 
highest possible level of health, and 
to promote world peace. A number 
of technical papers will be presented 
at the scientific session to be held on 
October 18. Alfred Blalock, sur- 
geon-in-chief, Johns Hopkins Hos- 
pital, will diseuss advances in heart 
surgery. The therapeutic uses of 
blood and blood derivatives will be 
described by Louis K. Diamond, 
medical director of blood banks, 
American National Red Cross. Ef- 
fects of stresses on human organs 
will be discussed by Hans Selye, di- 
rector of the Institut de Medicine et 
de Chirurgie Experimentales, Uni- 
versité de Montreal, Quebec. Alfred 
F. R. Andresen, consultant in gas- 
troenterology, Flushing Hospital, 
Brooklyn, will review diseases of the 
stomach and intestine. A confer- 
ence of medical editors of the world 
will be held on October 21, presided 
over by Morris Fishbein, editor of 
the World Medical Association Bul- 
letin. 


A two-day program, devoted to 
an analysis of recent developments 
in the applications of radioisotopes 
to biomedical problems will be con- 
ducted at the University of Colo- 
rado Medical Center, Denver, on 
October 19 and 20. Talks will be 
presented on the interaction of radia- 
tion with biological systems, prob- 
lems of protection and dosimetry in 
biological applications of isotopes, 
recent biochemical developments util- 
izing isotopes, the use of I'3! as a 
clinical test for thyroid function, 
therapeutic applications of radio- 
phosphorus and radioiodine in vari- 
ous clinical conditions, and progress 
in clinical applications of various 
isotopes. Guest speakers will include 
Rulon Rawson, Sloan-Kettering In- 
stitute, New York City, Paul Aeder- 
sold, George Manov, and Allen 
Lough, Isotopes Division, Atomic 
Energy Commission, Oak Ridge, and 
John Z. Bowers, Division of Biology 
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and Medicine, Atomic Energy Com- 


mission. The course will include 
demonstrations of isotope procedures 
currently employed in biomedical re- 
search and clinical practice. The 
course is open to physicians and 
physical and biological scientists. 
The registration fee is $5.00, and 
the tuition is $20.00. Applications 
should be sent to Director of Gradu- 
ate Medical Education, University of 
Colorado Medical Center, 4200 E. 
Ninth Ave., Denver 7. 


The eighth “Frontiers in Chem- 
istry” lecture series, co-sponsored by 
the International Society of the 
Friends of the Kresge-Hooker Li- 
brary and Wayne University Depart- 
ment of Chemistry, will take place 
on Monday evenings at 7:00 P.M. 
in Seience Hall on the Wayne cam- 
pus, Detroit, Mich. Lecturers and 
the dates of their appearance are: 

October 16—M. G. Mellon, Pur- 

due University 

October 23-L. L. Quill, Michi- 

gan State College 

October 30-C. G. Swain, Massa- 

chusetts Institute of Technol- 
ogy 

November 6-R. C. Fuson, Uni- 

versity of Illinois 

November 13-T. F. Young, 

University of Chicago 

November 20-I. M. Kolthoff, 

University of Minnesota 
November 27—Henry A. Lardy, 
University of Wisconsin 

December 4-R. T. Arnold, Um- 

versity of Minnesota 

The noncredit registration fee fur 
the series is $5. Qualified persons 
may arrange for graduate credit 
of one or two hours. Additional in- 
formation may be obtained from 
George H. Coleman, professor of 
chemistry at Wayne. 

Abstracts of all lectures will be 
provided registrants in advance. A 
dinner at which the speaker will be 
guest of honor will take place at the 
University’s Student Center at 5:30 
P.M. on each of the program nights. 
All registrants are invited, but 
should make advance reservations. 


An international colloquium on 
Calculating Machines and Human 
Thought will be held in Paris Janu- 


ary 8-12, 1951, under the sponsorship 
of Le Centre National de la Recher- 
che Scientifique. American scientists 
invited to attend are H. H. Aiken, 
Harvard University; E. W. Cannon, 
Nationa! Bureau of Standards; Nor- 
bert Wiener, Massachusetts Institute 
of Technology; and E. C. Berkeley, 
Edmund C. Berkeley and Associates, 
New York City. 


The second high frequency meas- 
urements conference, sponsored 
jointly by the American Institute 
of Electrical Engineers, the Institute 
of Radio Engineers, and the Na- 
tional Bureau of Standards, will be 
held in Washington, D. C., January 
10-12, 1951. Conference headquar- 
ters will be at the Hotel Statler, 
and the technical sessions will be 
held in the auditorium of the De- 
partment of Interior. 


The Illuminating Engineering So- 
ciety elected the following officers 
at its recent national technical con- 
ference: president, Walter Sturrock, 
General Electrie Co.; vice president, 
E. M. Strong, Cornell University; 
treasurer, R. F. Hartenstein, Ohio 
Edison Co.; and general secretary, 
A. H. Manwaring, Philadelphia Elee- 
trical & Mfg. Co. 


The Plant Science Seminar elected 
the following officers for 1950-51, 
at its annual meeting in Boston, 
August 24-30: chairman, Heber W. 
Youngken, Jr., University of Wash- 
chairmen, Paul D. 
Carpenter, University of Illinois, and 
Carl H. Johnson, University of Flor- 
Edward P. Claus, 
University of Pittsburgh; and mem- 
hers of the executive committee, El- 
mer L. Hammond, University of Mis- 
sissippi, and J. Allen Reese, Uni- 
versity of Kansas. 


ington; vice 


ida; secretary, 


Tables of Nuclear Data, recently 
compiled by the National Bureau 
of Standards, available. 
The initial volume, together with 
supplements that will follow at six- 
month intervals, will present a com- 
prehensive collection of experimental 
values of half-lives, radiation ener- 
gies, relative isotopic abundances, 
nuclear moments, and cross sections. 
Deeay schemes and level diagrams, 


are now 
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mure than 125 of which are included 
in the tables now ready, will be pro- 
vided wherever possible. Refer- 
enees to over 2,000 original papers 
make it possible for the research 
worker to evaluate the details of pre- 
vious investigations and to design ex- 
periments to resolve existing dis- 
erepaucies. The publication is avail- 
able from the Superintendent of 
Documents, U. 8. GPO, Washington 
25, D. C., at $4.25 a copy, which in- 
cludes the price of three supplements. 
Remittances from foreign countries 
must be made in U. S. exchange and 
must include an additional sum of 
one-third the publication price to 
cover mailing costs. 


The U. 8. Naval Ordnance Test 
Station at Inyokern, Calif., is estab- 
lishing a group of mathematicians 
and statisticians for weapons evalu- 
ation work, and is recruiting tech- 
nical personnel for the work. There} 
are also openings for recent gradu- ; 
ates and theoretical physicists with: 
specialized interests in solid state 
physics, atomie physies, fluid me- 
chanics, hydrodynamics, aerodynam- 
ies, and other fields of classical phys- 
ics. Full information ean be ob- 
tained from J. B. Hamilton, Head, 
Professional Placement Branch, 
U. S. N. O. T. S., Inyokern, China 
Lake, Calif. 


Presidential approval of the omni- 
bus appropriations bill for 1951 
makes available to the Public 
Health Service $3,600,000 for re- 
search with cortisone and ACTH. 
The entire sum is allocated for re- 
search grants to nonfederal institu- 
tions and scientists. The work will 
be direeted toward evaluating pre- 
liminary results already achieved 
with these compounds and toward 
further investigation of their pos- 
sible dangers and benefits. Grants 
will be made largely for study of the 
compounds in relation to arthritis 
and eanecr, mental and neurological, 
metabolic, and cardiovascular dis- 
eases, as well as for basic laboratory 
studies on the general biological ef- 
feets of the compounds. 

In earrying out the program, the 
PIS will continue to cooperate with 
the Department of Agriculture in 
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sevking plant suurces from which 
cortisone and other steroids can be 
obtained. Although chemical syn- 
thesis and sereening of new com- 
pounds are being conducted largely 
under the auspices of private indus- 
try, some of the allocated funds will 
be available for these lines. 

The grants will be administered 
through the  service’s Research 
Grants and Fellowships Division of 
the National Institutes of Health. 
Applications will be evaluated and 
reviewed by one or more of 22 spe- 
cialized study sections. The Na- 
tional Advisory Council, a nonfederal 
scientific group, will make the final 
recommendation. The deadline for 
receipt of applications is Novem- 
ber 1. 


A new international “yardstick,” 
ealeulated from the wavelength of 
light waves emitted from bombard- 
ing a rare form of atomically pro- 
duced mercury, is being developed 
by Kenneth B. Adams, of the West- 
inghouse Research Laboratories, and 
Kevin Burns, astronomer at the Al- 
legheny Observatory in Pittsburgh, 
in collaboration with the National 
3ureau of Standards and scientists 
in France and England. This stand- 
ard, on which all international meas- 
urements of length can be based, will 
be officially adopted only after its 
measurement is confirmed by at least 
three laboratories working independ- 
ently in three different parts of 
the world. 


The second annual Conference of 
Midwestern Parasitologists has es- 
tablished a coordination committee 
for compilation of a list of pavra- 
sitological research laboratories of 
all types in the midwestern area and 
a cross-indexed check-list of the eul- 
tures of parasitic protozoa, hel- 
minths, mollusks, and arthropods 
maintained in these laboratories. 
This listing will coordinate and fa- 
cilitate the exchange of material for 
both teaching and research purposes. 
A digest of the existing laws and 
regulations enforced by the U. 8. 
Public Health Service and Depart- 
ment of Agriculture governing the 
shipment of cultures, and a manual 
on maintenance, shipment, handling, 
and transfer of parasitic cultures 


will also be sent out with the check. 
list. If all laboratories between 
the Rocky Mountains and the Alle- 
ghenies that have not received notice 
of the listing will write Dr. H. 
Elishewitz, Department of Micro- 
biology and Public Health, Chieago 
Medical School, 710 S. Woleott Ave., 
Chicago 12, Ill., their names will be 
ineluded on the final list. 


A new spectroscope, the Todd 
Spectranal, is now available, permit- 
ting rapid, accurate macro- or micro- 
analysis of 33 elements. Only a few 
milligrams of the sample are re- 
quired, and these are completely re- 
covered after analysis. The spec- 
troscope is designed so thaf€ the ele- 
ment is excited by controlled voltage 
and amperage through two platinum 
electrodes in a _ giass condenser 
chamber. This obviates the need 
for coo] gas flames, hot are, or spark 
excitation. The instrument permits 
visual analysis, eliminating the need 
for photographie equipment, and 
rapid identification can be made by 
laboratory personnel. Further infor- 
mation about the instrument is avail- 
able from Meyer Scientifie Supply 
Company, 221 Atlantic Ave., Brook- 
lyn 2, N. Y. 


Recently Received 


Abso!ute Measurement of Resistance 
by the Wenner Method. James L. 
Thomas et al. National Bureau 
of Standards Research Paper RP 
2029. U. 8S. GPO, Washington 
25, D. C. 30 cents. 

The Geiger-Miiller Counter. Na- 
tional Bureau of Standards Cireular 
490. U. 8. GPO, Washington 25, 
D.C. 20 cents. 

Sterling-Winthrop Research Institute. 
John B. Watkins Company, New 
York City. 

Thermal Expansion of Solids, Cir. 
C486, National Bureau of Stand- 
ards. U.S. GPO, Washington 25, 
D.C. 20¢. 

Table of Powers of Complex Numbers. 
Herbert E. Salzer. AMS 8, Na- 
tional Bureau of Standards. U.S. 
GPO, Washington 25, D.C. 25¢. 

Density of Solids and Liquids, Cir. 
C487, National Bureau of Stand- 
ards. U.S. GPO, Washington 25, 
D.C. 20¢. 
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New Material for Physicists, Chemists, and Geologists— 


CHEMICAL THERMODYNAMICS 


By Frepericx D. Rosstni, Carnegie Institute of Technology. Presents the funda- 
mental laws of thermodynamics, shows how valid general relations are derived from 
these laws, and describes the application of chemical thermodynamics to physical 
processes and chemical reactions. The first five chapters are devoted to necessary 
background material including an account of the present status of the scale of 
temperature, the fundamental constants, and the calorie and joule. The next 25 
give a substantially complete picture of modern chemical thermodynamics, including 
references to recent developments. The last five treat special applications, illustra- 
tive calculations, and sources of chemical thermodynamic data. August 1950. 
514 pages. Illus. $6.00. 


FUNDAMENTALS of ACOUSTICS 


By Lawrence E. Kinsver and Austin R. Frey, U. S. Naval Postgraduate School. 
A solid treatment of basic facts on generation, transmission, and reception of 
acoustic waves. Its aim is to orient the reader in fundamentals and terminology, 
and in analytical methods for attacking acoustical problems. The first half analyzes 
types of vibration in solid bodies and the propagation of sound through fluid media. 
Then, such applications as the following are covered: loudspeakers, microphones, 
psychoacoustics, architectural and underwater acoustics, and ultrasonics. October 
1950. 516 pages. $6.00. 


ORGANOPHOSPHORUS COMPOUNDS 


By Gennapy M. Kosoraporr, Alabama Polytechnic Institute. Offers, for the first 
time, a complete review of the preparation and properties of the organic compounds 
of phosphorous. In one convenient volume will be found data and methods that 
have been either unavailable to English-speaking chemists or available only from 
many scattered sources; synthetic methods of preparing all known organophosphorus 
compound types; lists of all substances of each type; the principal physical properties 
of individual substances; and pertinent references. October 1950. 376 pages. 
Illus. $7.50. 


MARINE GEOLOGY 


By Pu. H. Kuenen, University of Groningen, The Netherlands. Summarizes the 
advances made in the field of marine geology and presents a clear picture of the 
problems and the salient points still requiring further investigation. The author 
emphasizes problems and relations rather than mere descriptions of properties, distri- 
butions, and numerical data. This manner of treatment is used because it is more 
stimulating to readers than a condensation of data. October 1950. 568 pages. 
250 illus. $7.50. 


Send for copies on approval. 


JOHN WILEY & SONS, Inc. 
440 Fourth Avenue New York 16, N. Y. 
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WRITE FOR LITERATURE TO 


O. C. RUDOLPH & SONS “Adjustable 


Manufacturers of — 
OPTICAL RESEARCH AND CONTROL INSTRUMENTS Direct Reading 


P. O. BOX 446 


Outstending 
Features: 


New and sim- 
plified coarse 
and fine ad- 
justment of 
analyzer circle. 


Improved zero 
adjustment. 


Base and Up- 
rights in One- 
piece Casting 
for greater 
Rigidity. 
Removable 
Tube Trough 
to enable In- 
sertion of Tem- 
perature Con- 
trol and Elec- 
tromagnetic 
Devices be- 
tween Polarizer 
and Analyzer. 


For Macro, 
Semi-micro and 


Electrical Scale 


Accuracy = 
0.01°. 


CALDWELL, N. J. 


PHOTOVOLT 


Exposure Photometer Mod. 200-M 


PHOTOMICROGRAPHY 


black-and-white and color photomicrography 


Write for Bulletin #810 to Price $65.— 
PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N. Y. 
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“WA CSEAL” 


MEANS DEPENDABILITY IN 
GUINEA PIG COMPLEMENT 


Since 1939, Carworth Farms has been the 
largest producer of guinea pig complement in 
this country. We are now distributing this ma- 
terial under our own label, ““Vacseal’”’, at a more 
favorable price. 


It is well known that the production of this 
biologic requires great care. Our long experi- 
ence and large output enable us to offer a su- 
perior product to the laboratory worker. We 
invite you to try “Vacseal” Guinea Pig Com- 
plement, available in glass ampules with a 
special diluent for restoration to the following 
amounts: 


3cc Tee 


‘Any recognized laboratory will receive a trial 


3 cc package on request. 


CARWORTH FARMS 


NEW CITY ROCKLAND COUNTY NEW YORK 


Science, Vol. 112 


NEW MODEL PRECISION POLARIMETER 
“ ll EE 
4 
| 
4 
| 
f Lép 

A | 

a 


IMPORTANT NEW FEATURES 


Smooth working and most accurate coarse 
and fine adjustments yet devised. 


New, built-in mechanical stage with low-set 
drives on a common oxis...more convenience, 
smoother operation. 


New substage condenser with swing-out 
upper element permits the use of lenses from 
towest to highest powers. 


Larger yet lighter stands with longer bearing 
surface for the focusing motion . . . easier to 
carry, easier to focus. 

Oil immersion lens is anti-reflection coated 


for maximum definition and better color 
rendition. 
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— Model GO 48/77 


Medical Microscope 


When it’s time to decide which microscope you want to own, 
be sure to take a look at the new Leitz Medical Microscopes. 
Here is precision and quality that will stand the test of time 
and long-run performance; the kind of instrument that will 
meet your student needs today, you. professional require- 
ments tomorrow. 


Made to the uncompromising standards of quality that have 
earned world-wide recognition for the name Leitz, these 
improved Medical Microscopes embody the latest advance- 
ments, optical science can provide. They're easier to operate, 
more accurate than ever. 


Write today for Catalog Micro 101—SC 
E. LEITZ, Inc., 304 Hudson Street, New York 13, N. Y. 


LEITZ MICROSCOPES + SCIENTIFIC INSTRUMENTS 
LEICA CAMERAS AND ACCESSORIES 


} 
FOR 
% pose a N EW 
Jy Fe ‘ 
| 
. 
] Model BS 48/77 
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For Rapid, Routine 
SPECTROPHOTOMETRY 


Beckman Model “B” 
Line-Operated 
Glass Prism Spectrophotometer 


Because of its low cost, the Beckman Modcl B per- 
mits the rapid, accurate methods of spectrophotom- 
etry to be used for a large number of routine 
analyses rather than by colorimetry or gravimetric, 
titrametric and other tedious methods. 


It covers the range from 320 to 700 mmu and by 
use of a red-sensitive phototube, the range may be 
extended to 1000 mmu. Both transmittancy (per- 
cent transmission) and absorbancy (optical den- 
sity) measurements can be made directly on liquid, 
solid, and gaseous samples. By reducing the num- 
ber of controls to a minimum, this instrument 
offers maximum ease and convenience of operation. 


Supplied ready for use with blue-sensitive photo- 
tube; four 10 mm. cells; tungsten lamp; voltage 
regulated potentiometric amplifier circuit and di- 
rect reading deflection-type meter showing absorb- 
ance (optical density) and percent transmission 
scales. With cord and fused plug for operation on 
115 volts 50/60 cycles AC. 


24561—Spectrophotometer, with cord and fused 
plug, for 115 volts, 50/60 Cy., AC ....... 652.50 


24571—Red-Sensitive Phototube, for use in 400- 
1000 mmu. range; with load resistor and quick- 


For additional information write for Bulletin 210-8. 


Rochester 3, Wil Corporation 
New York 12, N.Y... . Will Corporation 
Butfale 5, Cay. 


Atlanta 3, Ga. . Southern Scientific Co. 
We... Wil Corporation 
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STATHAM 
Physiological Pressure Transducers 


EKG. 
or 
Recorder 


The Model P23 pressure transducers were specifi- 
cally designed for the purpose of measuring and re- 
cording arterial and venous blood pressures. The 
system illustrated above demonstrates how simply 
measurements can be obatined with Statham 
transducers. 


Please write our 
Engineering Department 
for more specific data. 
LABORATORIES 


SCIENTIFIC INSTRUMENTS 
9328 Santa Monica Blvd., Beverly Hills, Calif. 


Now available in commercial-size cyl- 


ln Canada: Dominion Oxygen Company, Limited, Toronto 4 
Linde is» registered trade-mark of The Linde Air Products Company. 


®Working with 
Inert Gases? 


ME HELIUM NEON _ 
RGON* KRYPTON: XENON 


inders in addition to glass bulbs. Write 
for information on sizes, prices; rigid | 
purity tolerances, Special rare gas 
mixtures... 


THE LINDE AIR PRODUCTS COMPANY 
Unit of Union Carbide and Carbon Corporation 
30 East 42nd Street [TmgiNew York 17, N. Y. 
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LABORATORY OVENS ‘ LABORATORY BATHS 


Several sizes in both forced-convection and Refrigerated and non-refrigerated baths of 

gravity-convection types. For temperatures various types for a wide range of operating 

to 260° C. and constancies as close as +0.5° C. temperatures and extremely close constancies. 
Bulletin 2159-K Catalog 48-K 


You GET /MPORTANT Extras 
WHEN YOU BUY AMINCO 


Constant Temperature Equipment 


AMINCO engineers are old hands at making good products 
better. That's why you find extra quality in every detail of 
Aminco equipment. Finest quolity materials, experienced 
engineering, painstaking production and testing are com- 
bined to give you the most for your money in quality, per- 
formance and service life. Compare and you will agree thot ~ 
there is no substitute for Aminco's 30 years of experience. 


BACTERIOLOGICAL SUB-ZERO TEST 
INCUBATORS 4 CABINETS 
Small-capacity and large-capacity bacterio- Provide low-cost, accurate, and reliable re- 


logical incubators covering a range of from 
0°C. to 60°C. Constancy as close as +0.15°C. 
Many important features. 


Bulletin 2159-K 


frigeration for testing, conditioning, and 
storage operations. Temp. range, — 1 20°F. 
to +220°F. Dry-ice cooled. 


Bulletin 2133-K 


Ask for literature of other constant temperature products including 
heaters, thermoregulators, stirrers, relays, etc. 
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SERVALL 


ANGLE CENTRIFUGES 
Ask for Bulletin EO-101 
with complete data on all models 


— Type SS-1 
(Superspeed ) 


With safety design self-centering device and 
dynamical balance, 13,000 r.p.m. 20,000 x G. 
Cap. 8 x 50ce or 15cc tubes. 

New Type SS-2 Vacuum Centrifuge 
17,000 r.p.m. 50,000 x G. 

Capacity 16 x 50cc or 15cc tubes 


ORIGINAL—ODHNER 
Portable Calculator for the Scientist 
With exclusive new back transfer device 


Efficient @ Sturdy @ Low Priced 


Ask for Bulletin EO-103 


SERVALL 


Magnetic Stirrer 


T Ask for Bulletin 
EO-104 
Stirs 
* in open vessels 
* in closed systems 
* under pressure 
* under sterile 
conditions 


N EW Swingable plete 


Stiring Elements” NEW 


Manufacturers and Distributors 


IVAN SORVALL, Inc. 
210 Fifth Ave., New York 10, N. Y. 


FROM A 


MINUTE 


Pointolite Lamps produce an intensely brilliant 
and remarkably white light from a very small 
source and give an evenly distributed field of 
illumination. They have important applications 
in laboratories of Physics, Chemistry, Biology 
and Engineering. 

Sizes available from 30 to 1000 cp for direct 
current and 150 cp for alternating current 
with auzilliary control devises. Write today 
for Bulletin 1630-SM. 


JAMES G. BIDDLE CO. 


ELECTRICAL & SCIENTIFIC INSTRUMENTS 
3316 ARCH STREET + PHILADELPHIA 7, PENNA. 
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“FREEZE-DRYING” 


PRESERVES PRODUCTS 


REEZE-DRYING pre- 
serves labile sub- 
Stances so they retain 
their original character- 
istics Over great periods 
of time, without impair- 
ing or nullifying their 
original properties. 
Freeze-Drying is the 
simplest method for 
Preserving sera, plasma, 
antibiotics, antitoxins, 
viruses, bacteria and 
other micro-organisms, 
vaccines, injectable vita- 
mins, hormones, enzymes, 
and other labile biologi- 
cals and pharmaceuticals. 
Stokes Freeze-Drying 
equipment for industrial, 
research and laboratory 
the story of applications is complete, 
3 to self-contained and easy 
to install. The Stokes 
ment in de- Advisory Service can help 
tail. on all freeze-drying prob- 
lems. 
F. J. STOKES MACHINE CO. 
5958 TABOR ROAD 
PHILADELPHIA 20, PA. 


F.J.STOKES MACHINE COMPANY 


SEND for 
Catalog 455A 
it tells 
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Announcing The New 


Color Densitometer 


This instrument reads directly and linearly 
in density units. Auxiliary scale converts 
to percent transmission or reflection. Suit- 
able for use in measuring transmission of 
solids—with accessory liquid density at- 
tachment for liquids and reflection head 
for measuring reflection differences or for 
color matching. 


A Few Uses of this instrument 


Chemistry: Measurement of liquid density 
in both black and white and color. Meas- 


urement of color changes in chemical 
reactions. 

Physical Research: Accurate measure- 
ment of the lowest light levels. Precision 
measurement of light sources. Serves as a 
measuring element in direct reading 
spectro-photometers. 

Photography: Measurement of the dens- 
ity of photographic materials, black and 
white and color. Determination of color 
temperature. Measurement of an extremely 
wide range of illumination levels. 


Write for Bulletin No. 144 to: 


Macketh Corporation, Newburgh, N. Y. 
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TECHNICAL ASSOCIATES 


PIONEER MANUFACTURERS OF RADIATION INSTRUMENTS 
3728 SAN FERNANDO ROAD, GLENDALE 4, CALIFORNIA 
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BOOKS 


Scientists Are Talking About 


Respiratory Enzymes 
by University of Wisconsin Biochemists 
Henry A. Larpy, Editor 


Each chapter is written by a specialist! $4.50 


Experimental Embryology 
by Roberts Rugh, Columbia University 


“A magnificent piece of work!” 
G. R. DE BEER, 
University College, London $6.00 


Manometric Techniques and Tissue Metabolism 


by Umbreit, Burris, Stauffer and Associates 


A Collaborative Effort of 
13 Well Known Biochemists! $4.00 


One Family: Vitamins, Enzymes and Hormones 
by BENJAMIN HARROW, City College of New York 


An unusually informative new book! $2.00 


BURGESS PUBLISHING COMPANY 


| 424 S. Sixth St. Minneapolis 15, Minnesota 


| 


GME-Lardy Circular Warburg 


With rotating 
manometer stand 


Send for data on Warburg glassware, refrigerated 
Warburg, electroencephalographic equipment, and 
laboratory quality audio reproduction equipment. 


G M E * 4 Franklin Avenue + Madison, Wisconsin 
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Orthophot set up for photomicrography with 
standard microscope. Built-in, permanently- 
aligned light source with complete color ond 
intensity controls. Precision reflex comera has 


Photomicrography 


& scientific photography 


Designed for the ultimate in versatility, the new Silge & Kuhne 
Orthophot provides all the facilities for photomicrography (using 
any standard microscope), photomacrography, microprojection, 
photocopying, microfilming, x-ray copying, enlarging, and general 
laboratory and scientific photography. 


REPRODUCTIO 


Block Bokelite table 
ond oblique comero 
orm convert Ortho- 
phot to photocopy 
unit for gross speci- 
mens, drawings, 
photogrophs, pa- 
pers, etc. Special ta- 
ble transilluminotes. 


Simplified column on Or- 


In seconds, Orthophot 
converts for photome- 
crography. Adjustable 
macro-stand reploces 
microscope. Same 
highly-controllable il- 
luminotion ond split- 
micron focusing used. 


Substitution of enlorger 


split-micron focusing device. 


MICROSCOPY? 
Seporotely, il- 
lustroted, or as 
port of com- 
plete Ortho- 
phot, Ortho-il- 
luminotor ex- 
cels for routine 
microscopy, 
dorkfield, and other research techniques, ond 
porticulorly phose work. Neor poralle!l beam of 
light, free from filoment image, rises verticolly 
from bose, entering microscope condenser di- 
rectly. Operation on a-¢ or d-c power. 


October 6, 1950 


heod with opal-bulb 
light source ond double 
condensing lens mokes 
Orthophot into precision 
photoenlorger. Quick, 
needie-shorp focusing 
with illuminoted torget 
on table ond using re- 
flex mirror. 


thophot occommodotes still 
comeros from miniotures 
to 4 by 5 Groflex types, 
cimost of! 8- and 16-mm 
cine comeros, ond mony 
35-mm models. Extended 
adjustments provide olign- 
ment with standerd micro- 
scopes. 


Accessory units not shown include microprojection viewer with 8- by 8-in. vertical 


ground gloss, alternative exposure meters approximately 20 and 2000 times as 
sensitive as standard commercial types, and bellows-ext dapters to in- 
crease magnification or establish fixed ratios. 


This versatile equipment is supplied either in < let blies or in 


sections to coordinate with existing laboratory facilities. Write for descriptive doto. 


¢ ¢ 
for Lovizons | 
} 
| | 
N 
4 AC ROGRAPHY N 
Orthophot shown & ¥ é 
$825.00. f.0.b.  destina- ; 
tion U.S.A. Maneny Gan Francicen 8. Calif. - | 
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A BASIC 
COMPLETE 


ee The basic laboratory permits quantitative studies to be made on all radio isotopes. It consists of a Fusion Seal 
he Mica Window Counter, a Lucite Mount, a Vertical Iron Shield, aluminum sample pans, a radioactivity warni 


placard, and an RCL Scaler. Additional equipment which will operate with the 5 instrument is also available. 
For further information on the selection of equipment for a radioisotope laboratory, write for Information Bulletin #10 


4 RADIATION COUNTER LABORATORIES, Inc. 
| Mew 


LINDY 


ding ALL- PURPOSE ZEISS 


STEREO 
MICROSCOPE 


Magnification 6x to 
80x. The working 
distance is 334” for 
all magnifications. 


Best Stereoscopic Mi- 
croscope for Medicine 


(blood sludge), Biol- 
ogy, Geology and In- 
dustrial Work. 


Write For Illustrated 
Folder 


ERIC SOBOTKA CO. »« 


O' . 102 West 42d Street, New York 18, N. Y. 
LINDLY & COMPANY 


ee tae Goma 80 Herricks Rd., Mineola, N. Y @ Specialists in Leitz and Zeiss Optical Equipment 
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... for the RADIOISOTOPE LABORATORY 
4 
cago 8, Illinois 
/ 
q/, 
| 
Intense illumination tor oil, phase 
© +6 Coming color filters 
+ Wide field attachment 
| 
© 10% discount in i 


A.H.T. CO. SPECIFICATION 


METABOLISM OUTFIT 


For the determination of calorie pro- 
duction and basal metabolic rate by 
the Douglas method 


6412, 


METABOLISM OUTFIT FOR THE DETERMINATION OF CALORIE PRODUC- 
TION AND BASAL METABOLIC RATE BY THE DOUGLAS METHOD, with Hal- 
dane-Henderson-Bailey Gas Analysis Apparatus. This is the simplest of the satisfactory 
methods for the study of gaseous metabolism. It is not limited to an observation of reduction 
in oxygen volume, but depends upon the collection and analysis of a sample of expired air. Out- 
door air (O, content 20.99%, CO, content 0.03%) is inspired through a flutter valve and mask, 
or mouthpiece and nose clip, and returned on expiration through a second valve, tubing and 
three-way aluminum stopcock to a Douglas bag. From the air so collected during a six-minute 
interval one or two samples are taken over mercury in gas sampling tubes. The bag is emptied 
through a meter and the volume, temperature and barometric pressure are noted. The sample 
is analyzed in a Haldane-Henderson-Bailey Gas Analysis Apparatus and its CO, and O, content 
determined. From these data there may be calculated the hourly oxygen consumption, carbon 
dioxide production, total calorie production and respiratory quotient. From these and the height, 
weight, age and sex of the patient a comparison can be made with the normal and the basal 
metabolic rate can be computed. 

See T. M. Carpenter, Carnegie Institution of Washington Publication 216, 1915, p. 67; Douglas, Jour- 


nal of Physiology, 1911, XLII; Boothby and Sandiford, “Laboratory Manual of Basal ‘Metabolic Rate Deter- 

minations” ; and T. M. ‘Carpenter, Carnegie Institution "of Washington Publication No. 303-A, 1924. 

6412. Metabolism Outfit for the Determination of Calorie Production and Basal Metabolic Rate by the 
Douglas Method, as above described, consisting of Haldane-Henderson-Bailey Improved Model 
Gas Analysis Apparatus, Gas Meter, Douglas Gas Bag 150 liter, Face Mask, Double Douglas 
Valve, Three-wap Tap of aluminum, Bailey Gas Sampling Bottle, Thermometer range 10 to 50° 
C in 4°, rubber tubing, clamp and thermometer holder, complete with directions for assemblin 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 
RETAIL—WHOLESALE—EXPORT 
LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE PHILADELPHIA 6, PA., U.S. A. 
Cable Address, “BALANCE,” Philadelphia 


October 6, 1950 
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NYSSCO BIOLOGY 


ANDALUSIAN FOWL ~ CGo//us domesticus 


BEC 5 Cell Structure 


CHARTS IN COLOR 


onforming with the demand so often expressed by users of our 
series of biology charts, we are now offering fourteen in full 


GENETICS | color, as follows: 


BEC85m Wild and Developed 


BLACK kK WHITE BEC85b Drosophila (Rxw Eye) Types 


BB WW 


ANOALUS! 
ewe awe 


BEC85e 


BEC8S5e Andalusian Fowl 

BEC85£ Four O'clock (Rxw) 
BEC85g¢ Corn (Purple x White) BEC220 Pea 
BEC85h Pea (Tall x short) 
BEC85i Pea (Tall Yellow x 


BECI50 Spirogyra 
BEC210 Tulip 


BEC230 Apple 
BEC300 Bean Germination 


short green) BEC310 Corn Germination 


This series of charts was planned with the cooperation of the Chart 
Committee of the New York Association of Biology Teachers. Un- 
usual and painstaking care was exercised with regard to subject treat- 
ment, scientific accuracy and artistic presentation. 


Prices: Cloth-backed, 36” x 50”, wood rollers, full color .. 6.00 


Same, lithographed in black and white 


If not already in your files, ask for Catalog No. 7] 


Est. SSG 1919 
New York Scientific Supply Co. 


28 West 30th Street, New York 1, N. Y. 


Garceau RECORDING 
PSYCHOGALVANOMETER 


4 For the study of the 
psychogalvanic _ reflex 
and skin resistance. 
The instrument is 
direct-reading and gives 
a written record of the 
reaction of the patient. 


$775.00 


Garceau 
CLINICAL DERMOHMETER 


For clinical and experimen- a 
tal investigation of disorders 
involving sympathetic reac- 
tion, such as pain reflexes. 
In the psychological labora- 
tory, the instrument has a 
well-known application as a 
so-called “lie detector”. Re- 
sistance is read directly from 
a calibrated dial. Small vari- 
ations, greatly magnified, are 
shown on the meter. Batte 
operated. Price ....$115. 


ELECTRO-MEDICAL LABORATORY, INC. 
New Address—SOUTH WOODSTOCK, VERMONT, U.S.A. 
Pioneer manufacturers of the electroencephalograph 


No. 2A DISSECTING SET ......... $1.90 each 
Less 10% on 6 dozen or more 


A very popular college set. Other sets listed in our 
catalogue or we shall make up sets according to your 
specifications. 


No. 19F 
Doublet 
Magnifier 
10X 
Metal Mount 
ea. $3.25 


THE GRAF-APSCO COMPANY 
5868 Broadway Chicago 40, Ill. 
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PLANT PATHOLOGY 


By Joun C. WaLKeEr, University of Wisconsin. McGraw-Hill Publications in the Agricul- 
tural Sciences. Ready in November. 


Planned as a basic introduction to the field of plant pathology, this text treats the causal organ- 
ism of each fungus disease in considerable detail. Arrangement is logical and proceeds from the 
non-parasitic to the parasitic, the latter progressing from the simpler forms like bacteria to the 
parasitic higher plants and nematodes. Virus diseases are treated next, and general chapters on 
environment, host-parasite relations, and control follow. 


THE EFFECTS OF ATOMIC WEAPONS 


Prepared for and in cooperation with the U. S. Department of Defense and the U. S. Atomic 
Energy Commission under the direction of the Los Alamos Scientific Laboratory, Los Ala- 
mos, New Mexico. 456 pages. $3.00. 


An authoritative survey, presenting as accurately as is possible in the light of present knowledge, 
a technical summary of the results to be expected from the detonation of atomic weapons. The ap- 
proach is not for the layman but designed rather to give every technically interested person an 
understanding of the effects of this enormous release of energy when used as a weapon in war. 


PHYSICS. Its Laws, Ideas, and Methods 
By ALEXANDER Ko.uiy, The University of Chicago. Ready in October 


A general physics text for the standard liberal arts and science course, this book provides a co- 
herent presentation of physics with emphasis on the understanding of the scientific method. The 
author provides a complete coverage of all the fields and principles of physics and their ap- 
plication to the physical and biological sciences. 


SWINE PRODUCTION 


By W. E. Carro.t and J. L. Kriver, University of Illinois. MeGraw-Hill Publications in 
the Agricultural Sciences. 498 pages, $5.00 


A comprehensive college text and general reference on all phases of swine production with em- 
phasis on those breeding, feeding, management, and marketing factors which most affect profits. 
Good practices in swine production are taught, not in the abstract, but in relation to profits. 


Send for copies on approval 
| McGRAW-HILL BOOK CO., ING. 
330 WEST 42ND STREET, NEW YORK 18, 
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THE 
FIESER 
TEXTS 


D. C. HEATH 
AND 
COMPANY 


285 Columbus Ave. 
Boston 16, Mass. 


COMING IN JANUARY 


Textbook of Organic Chemistry 
FIESER and FIESER 


This is not merely an abridgment of Organic Chemistry, Second Edition. 
It is a brief text for the one-year course, providing a solid foundation of 
fundamental fact and theory. Electronic concepts, ionic mechanisms, and 
interpretations in terms of the resonance theory are introduced and de- 
veloped where they clarify the observed facts and correlations. Each chap- 
ter provides a detailed outline summary and an extensive series of graded 
problems of several types with answers given in the back of the book. 
About 700 pages. 


PUBLISHED THIS SPRING 


Organic Chemistry, Second Edition 
FIESER and FIESER 


CHROMATOGRAPHY 


Paper Partition THE PHOTOELECTRIC TENSOMETER 


NEWEST AND MOST ACCURATE 


. Equipment METHOD FOR INDIRECT 
BLOOD PRESSURE 
WwW MEASUREMENTS 
in 
Unanesthetized, 
Miscellaneous Unheated, 
Small Animals 
for Paper Partition based on 
measuring the 
volume change 
. in the foot. 
HROMATOCAB 
Model B250 WRITE FOR 
CIRCULAR 


© Write for Descriptive Brochure 


BERKELEY CHROMATOGRAPHY DIV. 


UNIVERSITY APPARATUS COMPANY 
Dept. H © 2229 McGee Avenue ® Berkeley 3, Calif. 


METRO INDUSTRIES 


Precision Scientific Equipment 
CHATHAM PHENIX BLDC. 
LONG ISLAND CITY 1, N. Y. 
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Here is a library in itself 
The MANUAL of 


STANDARDIZED PROCEDURES 


for 


Spectrophotometric Chemistry 


by HAROLD J. FISTER 


For the first time under one cover all the in- 
formation needed to run 224 procedures for the 
determination of 115 substances in various bio- 
logical fluids; includes 115 calibration curves 
and 6 charts. 339 tests can be performed from 
the Manual. 


Outlines, in detail, a step-by-step procedure for 
performing each determination. All methods 
were painstakingly worked out on the Coleman 
spectrophotometer, but are adaptable to nearly 
every instrument marketed today including 


“We have just received your Manual and take this oppor- 
tunity to congratulate you on a job well done.” 
Physician, Army Services Forces 
Army Epidemiological Board 


New Jersey 
“This appears to be a type of Manual that we have been 
looking for in this laboratory service . . . I am endeavor- 


ing to purchase 6 copies of this book through our library 
here at the hospital.” 

Chief, Chemistry Section 

Army Medical Center, Texas 
“I wish to compliment you on this Manual .. . I find 
it to be by far the most explicit and easiest to follow of 
any manual which I have ever seen in some fifteen years 
of clinical work.” 

Director, Clinical Laboratory 

General Hospital, Ohio 


Manual: Thirty Dollars per copy. 


October 6, 1950 


84 West 4th Street 
Publishers 


If you use only a few of these many procedures, you will save far more than the cost of the 


Order your copy now or write for free descriptive literature. 


Beckman, Brociner - Mass, Klett - Summerson, 
Leitz, Hellige, Cenco, Lumetron and Evelyn. 


Contains 728 loose-leaf pages, printed in large 
clear type on paper especially selected to stand 
constant laboratory handling, bound in a 7-ring 
binder, embossed in gold. 


Includes only the latest and most approved 
clinical methods . . . accurate, easily applicable, 
simple. All methods were proved under actual 
working conditions by independent authorities. 


Users are enthusiastic. They say .. . 


“We would like to compliment you on making available 
this very excellent Manual and have had excellent results 
with it when used in conjunction with our Coleman 
spectrophotometer.” 
Head, Department of Clinical Laboratories 
Hospital, Montana 


“This is a very fine book and really should be a ‘Must’ in 


the average laboratory. ... . It will be another valuable 
book added to our library.” 
Director . . . Laboratory 


Philadelphia, Pa. 


“Je suis en possession de votre ‘Manual of Standardized 
Procedures for Spectrophotometric Chemistry’, et j’ai tiré 
profit de la lecture de plusieurs chapitres.” 

Physician 

Bruxelles, Belgium 


© 
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NOT FOR DRUG USE 
| sesame & Bell Co., Norwood, 0 


The COLEMAN & BELL CO., Inc., Manufacturing Chemists : Norwood, Ohio, U.S.A. 


The familiar C & B trade- 
mark is your assurance that 
the product carrying this mark 


(1) has been manufactured 
to meet the standards and 
specifications stated upon the 
label. 


(2) has passed our specifica- 
tions prior to packaging and 
has been rechecked after pack- 
aging. 


(3) is backed by an organi- 
zation which, for thirty years, 
has had as its primary aim the 
production of Laboratory Re- 
agents of the highest purity. 


C & B Products are 
distributed by Labo- 
ratory and Physician 
Supply Houses 
Throughout the 
World 


Write for copy of 
catalog. 


NEW Type 


Schmidt & 
Haensch 


POLARIMETER 


According to 
Mitscherlich 


This new model offers many advantages. The old fashioned 
Laurent plate is improved by the use of 7° Calcite half- 
shadow prisms. The light source is attached to the instru- 
ment so that it is always ready for use. The glass disc is 
divided into 360° and the precision glass scale is divided 
from 0 to 10, thus omitting the vernier, which so often 
leads to mistakes. Glass circle and scale are completely 
enclosed in a cast iron case, protecting them from corrosion 
and damage. 

Field of vision is divided into two parts by the optical 
system. In measuring, the analyzer is rotated until both 
fields appear equal in color. Adjustable eye-piece of tele- 
scope provides sharp view. Instrument takes tubes up to 
200 mm. long. 

Obtainable at laboratory supply dealers or from us. 
Bulletin 334 on request. 


FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N.Y. 
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New Instrument 


DAYLIGHT 
FLUORESCENCE 
TESTER 


Menlo Research Laboratory introduces the new 
Fluoretor, a portable blacklight instrument 
weighing only 2 Ibs. Models for operation from 
two standard flashlight batteries and 115-v 
60-cys power. Patented dark chamber permits 
examination of specimens in full daylight. 
Complete with choice of interchangeable heads 
for 2537 or 3660 A, ready to use, in sturdy 
wooden box, $49.50. Deduct $7.50 for 115-v 
operation. Add $20.00 for alternate frequency 
head. Bulletin available. Write P. 0. Box AAS22, 
Menlo Park, Calif. 


Dealer inquiries invited . 
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BOOKS 


KINESIOLOGY 


New! Covers the why of human structure and arrangement, and the why 
of patterns of movement. Discusses how to improve performance in work and 
sport and how to make work easy and comfortable. It stresses the normal man 
in motion—only incidentally discussing the abnormal or pathological conditions 
affecting motion. 


By LAWRENCE E. MOREHOUSE, Ph.D., Associate Professor of Physical 
Education, Performance Physiology Section, United States Air Force 
School of Aviation Medicine: and JOHN M. COOPER, Ed.)D.. Associate 
Professor of Physical Education, The University of Southern California. 
435 pages, illustrated. Price, $4.50 


Textbook of ANATOMY AND PHYSIOLOGY 


—New Third Edition 


Greater emphasis has been placed on physiology in this Third Edition. 

It stresses, too, relations between the physiology of health and that of disease. 

Those who have used this text know its value; those who will be introduced to it 
in this edition have unexpected teaching values in store for them. 

By CATHERINE PARKER ANTHONY, B.A., R.N., Instructor of Anatomy 


and Physiology, Lutheran Hospital, Cleveland, Ohio. 613 pages, 208 illus- 
trations (16 in color). Price, $4.00 


Textbook of BACTERIOLOGY—Second Edition 


Every effort has been made by the authors to make this book stimulating and 
interesting to the student. They have simplified the various phases of bacteriol- 
ogy and immunology so as to create enthusiasm and love for the subject. Any 
student using the text will also have a proper appreciation of the economic and 
social developments of our times and a solid foundation on which to build a career 
in any of the sciences to which they may be looking for a life work. 

By JOSEPH M. DOUGHERTY, A.B., M.A., Ph.D., Dean of the School of 
Science and Professor of Bacteriology, Villanova College; Fellow of the 
American Association for the Advancement of Science; and ANTHONY J. 
LAMBERTI, B.S., M.S., Instructor in Bacteriology and Parasitology. 


Temple University School of Medicine. 491 pages, 141 illustrations. 
Price, $5.75 


Textbook of ANATOMY AND PHYSIOLOGY 


The C. V. MOSBY Company 


3207 Washington Blvd., St. Lous 3, Missouri @ 720 Post Street, San Francisco 9, Calif. 


—New Second Edition 


The material has been completely rearranged and rewritten for a thorough 
integration between anatomy and physiology. It is not a combination of the two 
subjects, but rather a close correlation of Anatomy-Physiology in which it be- 
comes a subject in itself, without dependence on any other discipline—presented 
at the collegiate level. Contains much new material and many new illustrations. 


By CARL C. FRANCIS, A.B., M.D., Assistant Professor of Anatomy, 
Western Reserve University, Cleveland, Ohio; and G. CLINTON KNOWL- 
TON, Ph.D., Assistant Professor of Physical Medicine, Emory University 
Medical School. 624 pages, 365 illustrations (31 in color). Price, $4.75 


SCIENTIFIC 
PUBLICATIONS 


October 6, 1950 
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Annual Review 


of 


MICROBIOLOGY 


Volume 4 


To be published in October, 
1950, approx. 385 pages, $6.00. 
Author and Subject Indexes in- 
cluded 


Editor: C. E. Clifton 
Associate Editors: H. A. Barker 
and S. Raffel 


Editorial Committee: M. D. 
Eaton, W. E. Herrell, J. M. 
Sherman, E. C. Stakman, W. H. 
Taliaferro, and C. B. van Niel 


Contents: Electron Microscopy of Microorganisms and Viruses, J. Hillier; Bacteriophages, T. F. 
Anderson; Constituents of Mycobacteria, F. B. Seibert; Mutualisms in Protozoa, R. E. Hungate; 
Bacterial Metabolism, L. O. Krampitz; Newer Antibiotics, W. E. Herrell; Genetics of Micro- 
organisms, E. L. Tatum and D. D. Perkins; Genetics of Viruses, F. B. Gordon; Current Trends of 
Experimental Research on the Aquatic Phycomycetes, R. Emerson; Development of Bacterial 
Resistance to Chemotherapeutic Agents, C. P. Miller and M. Bohnhoff; Chemotherapy of Virus 
and Rickettsial Infections, M. D. Eaton; Antibiosis in Relation to Plant Diseases, R. Weindlung, 
H. Katznelson, and H. P. Beale; Immunological Reactions in Viral Diseases, H. Koprowski; 
Immunology of the Human Mycoses, A. Kligman and E. D. DeLamater; Tularemia, L. Foshay; 
Brucellosis, M. R. Castaneda; Influence of Nutrition in Experimental Infection, P. F. Clark 


Each Volume: $6.00. Shipping charges: U. S. A. and Pan American—15 cents; 
Elsewhere—35 cents. 


ON SALE BY: ANNU AL REVIEWS, INC., STANFORD, CALIFORNIA, U. S. A. 


NEW 


ROGER’ BEAM SPLITTER 


OBSERVATION EYEPIECE 


To be used mainly between camera and microscope 


SPECIAL FEATURES: 


® Micrometer Screws for accurate field adjustment 

®@ Unusually large (1”) Prisms 

® Beam Splitter mounted on slide for easy removal 
(other mountings optional) 

® 3 Positions at right angles 


SPECIAL PRICE (OCT. 1950)—$127.50 


When ordering, state type of camera to be used with beam splitter 


. 0 L A B PHOTO-SCIENCE LABORATORIES 
Sandy Hook, Connecticut, U.S.A. 


Makers of Apparatus, such as the ROGER CAMERA TIMER 
for Time-Lapse Photography, MICRO-CINEMA EQUIPMENT 


* Formerly with Dr. Alexis Carrel, Rockefeller Institute 


—PYROMETERS— 


@ PYROMETERS—recording, controlling, indicat- 
ing 
@ HI-SPEED—electronic recorders 
@ WAR SURPLUS—pyrometers at 30% to 60% 
off, all makes, most types 
@ SPECIAL-ELECTRONIC POTENTIOMETER 
CONTROLLERS $125.00 


@ All equipment sold fully guaranteed for one year 
against faulty workmanship or materials 


PYROMETER SERVICE COMPANY 
NORTH ARLINGTON, NEW JERSEY 


thermocouples accessories 
24 hour service 
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NUTRITIONAL 


RESEARCH 


NEEDS 


This GBI catalogue No. 677 
will save you time, trouble 
and expense. It supplies up- 
to-date information and prices 
on the wide range of GBI 
products available for nutri- 


tional research — Write for it. 


BIOLOGICAL TEST DIETS 
for vitamin assay and research 


TEST DIET INGREDIENTS 
for preparing special test diets 
VITAMINS (CRYSTALLINE) 
for reference standards and diet 


for various nutritional studies 


60 LABORATORY PARK 


TABLE OF 


AMINO ACIDS (CRYSTALLINE) 


CONTENTS 


MICROBIOLOGICAL MEDIA 

for standard procedures for B-com- 
lex vitamins, amino acids and 
acterial nutrition studies 
VITAMIN SUPPLEMENTS 

for use in test diets 
RESEARCH BIOCHEMICALS 

for special procedures and 

nutritional investigations 
CAROTENE CONCENTRATES 

for manufacturing use 


GENERAL BIOCHEMICALS, INC. 


CHAGRIN FALLS, OHIO 


Reg. U. S. GBI Pat. Off. 


October 6, 1950 
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ALETT 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 
OF COMPLEX COLLOID SYSTEMS, AND FOR 
THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 
NEW YORK, N. Y. 


th ere Here are eight Patented 


must be _ distinct reasons Eo-Keton PLASTIC COVERSLIPS 


a reason Why Haemo-Soll ||} non-curting @ Unbreakable @ Won't cut fingers 


is the preferred Va the price of glass 
Orders $15-$25 Over (per 

tory glassware 18 mm round $6.00M $550M $300M 

22 mm round 

18x 18 mm 
* Completely Soluble 22x22 mm 

22x40 mm 
* Leaves No Residue on 
* Fully Haemo-Digestive 22x50 mm 


fork aboratory * Lower Surface Tension 


* Scientifically Formulated 

* Controlled pH 

* Multiple Laboratory Uses 
* Greater Economy 


24x50 mm 


for literature and samples 


write 


MEINECKE & COMPANY, INC. 


Est. 1855 
225 Varick St. . New York 14, N. Y. Or your local dealer. 
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INTERSCIENCE 


TECHNIQUE OF ORGANIC CHEMISTRY 


Editor: Arnotp WeEIssBERGER 


VOLUME I 

Physical Methods of Organic Chemistry 
Second edition, completely revised and augmented. 
In two parts. 1949. 6X9. Part 1: 1084 pages, 395 
illus., 93 tables. Part 2: 1036 pages, 355 illus., 63 
tables. $12.50 per part 


VOLUME Ill 
Heating and Cooling. Mixing. Centrifuging. Extrac- 
tion and Distribution. Dialysis and Electrodialysis. 
Crystallization and Recrystallization. Filtration. Sol- 
vent Removal, Evaporation, and Drying. 

1950. 6X9. 672 pages, 325 illus., 43 tables. $10.00 


VOLUME IV 

Distillation 
1950. 6x9. 
approx. $10.00 


approx. 672 pages, 293 illus., 97 tables. 


MAJOR INSTRUMENTS OF SCIENCE AND THEIR 
APPLICATIONS TO CHEMISTRY 


Edited by R. E. Burx and Otiver Grum™irr 
1945. 69. 163 pages, 120 illus., 22 tables. $2.50 
(Frontiers in Chemistry, Volume 4) 


ELECTRON MICROSCOPY—Technique and Appli- 


cations 
By W. G. Wyckorr 
1949. 6X9. 258 pages, 202 illus. $5.00 


TECHNIQUES OF HISTO- AND CYTOCHEMISTRY 


A Manual of Morphological and Quantitative Micro- 
methods for Inorganic, Organic, and Enzyme Con- 
stituents in Biological Materials. 


By Davmw Guick 
1949. 69. 555 pages, 159 illus., 10 tables. $8.00 


BIOPHYSICAL RESEARCH METHODS 


Prepared by a Group of Specialists under the Editor- 
ship of Frep M. User 


1950. 69. 680 pages, 141 illus., 26 tables. $9.50 


MELTING AND SOLIDIFICATION OF FATS AND 
FATTY ACIDS 


By Atron E. Bamey 
1950. 69. 371 pages, 150 illus., 66 tables. $7.00 


on Equipment 
and “Jechnique 


INDUSTRIAL HYGIENE AND TOXICOLOGY 
In two volumes 
Prepared by a group of specialists under the editorship 
of Franx A. Patty 


Volume 1: 1948. 659%. 559 pages, over 100 illus., 


90 tables. $10.00 
Volume 2: 1949. 659%. 634 pages, 7 illus. 167 
tables. $15.00 


TREATISE ON POWDER METALLURGY 
In 3 volumes 
By G. Gorrzer 


VOLUME 1: 
Technology of Metal Powders and Their Products. 


1949. 6X9. 806 pages, 300 illus., 82 tables. $15.00 
VOLUME 2: 
Applied and Physical Powder Metallurgy 

1950. 69. 928 pages, 327 illus., 200 tables. $18.00 
VOLUME 3: 
Classified and Annotated Bibliography. 

In preparation 


16-MM SOUND MOTION PICTURES—A Manual 
for the Professional and the Amateur 


By Orrennauser, Jr. 
1949. 69. 592 pages, 123 illus., 30 tables. $10.00 


ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY 


Complete in 12 volumes 


Edited by Raymonp E. Kink 
and Donald F. Othmer 

Volume 1: A to Anthrimides 

Volume 2: Anthrone to Carbon-Arc 

Volume 3: Carbon (cont.) to Cinchophen 

Volume 4: Cineole to Dextrose 

Volume 5: Dialysis to Explosions 

Volume 6: Explosives to Gas 

(January 1951) 

Volumes appear at 7-month intervals. 
Each volume approx. 960 pages. 7% x 10%. 
With numerous tables and illustrations. 
Subscription Price: $20.00 per volume 
Price after publication of Volume 12: $25.00 per volume. 


Detailed information on request. 


INTERSCIENCE PUBLISHERS, INC., 250 Fifth Ave., New York 1, N.Y. 
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Personnel Placement 


The Market Place 


CHARGES and REQUIREMENTS 
for “PERSONNEL PLACEMENT” Ads 


1. Rate: 15¢ per word, minimum charge $3.00 for each 
insertion. Ili desired, a “Box Number’’ will be supplied, 
so that replies can be directed to SCIENCE for immediate 
forwarding. Such service counts as 10 words (e.g., a 25- 
word ad, plus a “Box Number”, equals 35 words). All 
ads wil: be set in regular, uniiorm style, without display ; 
the first word, only, in bold iace type. 


For display ads, using type larger or of a different 
style than the uniform settings, enclosed with separate 
border rules, the rate is $16.00 per inch; no extra charge 
for “Box Numbers”. 

2. Advance Payment: All Personnel Placement ads, classi- 
fied or display, must be accompanied by correct remittance, 
made payable to SCLENCE. Insertion can not be made 
until paymem is received. 

3. Closing Date: ee mg xO must be received by 
SCIENCE, 1515 Mass. Ave., N.V Washington 5, D. C., 
together with advance remittance, ge not later than 
14 days preceding date of publication (Friday of every week). 


POSITIONS WANTED 


Biochemist; Ph.D., five years, nutritionist, state health depart- 
ment ; twelve years, professor of biochemistry, university medical 
school; past several years, cancer research ; for further information, 


please write Science Department, 


Medical Bureau (Burneice Lar- 
son, Director) x 


Palmolive Building, Chicago. 


Chemist & Administrator. 31 
dependable. M.S. Excellent training. 
perience. Biochemistry- vitamins- 

and pharmaceuticals. Box 310, SCIE 


POSITIONS OPEN 


Biologist: Require a man under 35 years of age with M.S. or 
equivalent in training or research experience to carry out bacterio- 
logical work and tests involved “4 germicide, detergent, or re- 
pellent products. Foreign and U. field trips necessary to assist 
in the research work on palm FS. hybrids, and new natural 
waxes. Write fully giving detailed background, salary require- 
ments, and furnish inexpensive photo of yourself. All replies held 
confidential. W.S. Dowman, ¢ C. Johnson & Son, Inc., Racine, 
Wisconsin. 10/6 


Versatile and 
10 years ge | ex 
assays 


Good appearance. 


Microbiologist: Ph.D. Fundamental training in soils, fermenta- 
tions. Research and administrative experience in antibiotics. Ex- 
cellent opportunity. Location New York City. Box 4307, 
SCIENCE. 10/6 


Ontario Research Foundation requires research fellows in (a) 
Climatology, open especially to graduates in botany and agronomy ; 
and (b) Physiography, open to graduates in geology, soils and 
geography. Application forms may be obtained from The Director, 

ntario Research Foundation, 43 Queen’s Park, Toronto 5, 
Canada. 10/13 


Positions O 
(a) Mycologiet’ and virologist qualified for professorial int- 


r “Charges & Requirements” see pg. 14, Sept. 29th issue. 


BOOKS 


— YOUR PERIODICALS 


We need Complete Sets, Runs, Volumes and Single numbers. 
CASH IN on your periodical accumulations NOW! 
COLLEGE SERVICE @ Dept. A, Box 311, 3 


lso send us your list of wants — 


Send us your Lists of 
SCIENTIFIC BOOKS AND PERIODICALS 
which you have for sale. 
Complete libraries; sets and runs; and single titles are wanted 
Also please send us your want lists. 


STECHERT-HAFNER, INC., 31 East 10th Street, New York 3. 


Your sets and files of scientific journals 
are needed by our library and institutional customers. Please send 
us lists and description of wovy files zou are willing to sell 
at high market prices. Ss. NER AND COMPANY, 909 
Boylston Street, Boston 15, tf 


WANTED TO PURCHASE: 
SCIENTIFIC PERIODICALS 
Sets and runs, foreign and domestic 
SCIENTIFIC BOOKS 
Entire iibraries and smaller collections 


WALTER J. JOHNSON 
125 East 23rd Street, New York 10, N. Y. 


PROFESSIONAL SERVICES 


Microbiologic Assay e Amino Acids 
SHANKMAN LABORATORIES e Proteins || 


2023 S. Santa Fe, L. A. 21, Calif. @ Vitamins 


SUPPLIES AND ND EQUIPMENT 


REE T,NEW YORK?, 


SCIENTIFIC INSTRUMENTS & FIELD EQUIPMENT 
Foa GEOLOGISTS 


Suphlied as 3 
te rom Pole 


ORPORATED- 


Every vecessi 
by experience 


s to 


ments, department of infectious diseases, university medical school ; 
physicians of outstanding attainments in academic field required. 
(b) Biochemist; Ph.D., interested in doing research dealing with 
blood enzymes, ‘steroid hormones, growth hormone assay and, also, 
two research assistants with Bachelors’ or Masters’ degrees; 
modern well-equipped research laboratories, teaching institution; 
Midwest. (c) Bacteriologist, Ph.D., to work on respiratory in- 
fection from standpoint of pure research and, also, bacteriologist 
experienced in medical bacteriology, chemical engineering or related 
industrial ex erience; research department, university medical 
school. (d) Senior pharmacologist; Ph.D. or M.D. with pharma- 
cological research experience; should be qualified to initiate and 
develop pharmacological research program; pharmaceutical com- 
pany; East. (e) Biochemist; research work, involving study of 
effects of x-rays on dilute solutions of crystalline enzymes; re- 
search institution. $10-1 Science Division, Medical Bureau (Bur- 
neice Larson, Director) Palmolive Building, Chicago. x 


Research Associate in Virology, Ph.D., or equivalent training; 
experience in virus work, and immunology; Virus Research De- 
partment, University Medical School. Box 309, SCIENCE. 


Wanted: Biochemist to join staff of the Department of Obstetrics 
and Gynecology, University of Colorado for special work in hor- 
mone study. hose interested please communicate with Dr. E. 
Stewart Taylor, 4200 East Ninth Avenue, Denver 7, Colorado. 
Salary $5000-6000 per year. 
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DOGS RATS RABBITS 
Clean healthy well-fed animals MICE POULTRY GUINEA PIGS 


e Guaranteed suitable for your needs. 


» JOHN C. LANDIS + Hagerstown, Md. 


Apparatus for simplified 


MICROELECTROPHORETIC TECHNIQUE 
according to E. L. DURRUM M.D. 
Jour. Amer. Chem. Soc. 
V. 72; page 2943; 1950 
for Colleges, Hospitals, Clinics, Physicians—in- 
cluding instructions and illustrative examples 
for separation and identification of mixtures of 
amino acids, peptids, proteins in minute speci- 
mens of biological and other fluids. Price $16.50 


DIOPTRIC ENGINEERING LABORATORIES 


—mmumme: 47 West 56th St. New York 19 oom 
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The Market Place 


The Market Place 


SUPPLIES AND EQUIPMENT 


SUPPLIES AND EQUIPMENT 


automatic Washers | 


tor Pipettes * Animal Cages - Laboratory Glassware 


Rochester 4, N. Y. 
ANTHRONE Newest | Reagent for Micro-Colorimetric\ 
06 W. Lake St. 


Please state your requirements 
Determi of Cellul Glycogen, 
[ Nationel Biochemical Co. « 12, 


HEINICKE Instrument Corp. * ¥: 
Glucose, Galactose, = Carbohydrates. 


ROGER* CAMERA TIMER 


Le 


for time-lapse cinematography as used in 

many well-known institutions, here and 

abroad, for the study of slow processes 
MICRO-CINEMA EQUIPMENT. 


ROLAB Photo-Science Laboratories 
SANDY HOOK, CONNECTICUT 
See our other ad on page 44, this issue. 


HYPOPHYSECTOMIZED 


Shipped to all points via Air Express 
For further information write 
808 E. 58th St. 


HORMONE ASSAY LABORATORIES, Inc. @ Chi 37, LIL 


RATS 


WEATHER INSTRUMENTS 


Barometers + Thermometers + Psychrometers 
Anemometers + Wind Vanes + Rain Goges 


send $.10 in stomps for catalog tS 
SCIENCE ASSOCIATES) 


BROAD ST., PRILADELPHIA 8, PAL 


QUARTZWARE 


for laboratory and industry 
A complete line of standard laboratory ware. 
Also custom fabricating to meet your requirements. 
For particulars, write: Quertzware Division 


THE PANRAY CORP. 
340 Canal Street, New York 13, N. Y. 


RHEINBERGS RETICULES 


MADE IN ENGLAND 


BRITISH CRAFTSMANSHIP combines precision accuracy 
and clarity with lowest prices 


Complete list of 


Establithed 
1884 


Rabbits, Cavies, White Mice, Ducks, Pigeons, Hamsters 
Write + J. E.STOCKER + Ramsey, N. J. 


Landen Cargille MICRO BEAKERS 
For direct weighing of small quantities of oils 
P| capacity | ML) and fats for lodine Number § 
ae (drop the glass beaker and sam- 
STARKMAN Biological Laboratory © “Toronto, | © (DEPTS) 
YAMINE—Hyd line, L-Methionine 
SPRAGUE-DAWLEY, INC. ACIDE eR OCHEMICALS 
@ PRE- MICROBIOLOGICAL ASSAY MEDIA 
Pioneers in development of the .M. CHEMICAL COMPANY, LTD. 
standard laboratory rat 144 Mert Havworth Avenue Los Angeles 36, California 
Box 2071 + Madison 5, Wisconsin « Phone 36134 
LABORATORY ANIMALS « 
Mice, Rats, Hamsters, Guinea Pi 
All Amino Acids (natural, unnatural), Cats and Dogs 
Rare Sugars, Biochemical Products, Reagents, Pharma- 
in stock. Write or phone PLaza 7-8171 for complete MANOR FARMS a6 
price list. 
“Your animal is half the experiment” ANIMAL CAGES AND ACCESSORY 
SWISS ALBINO MICE — 
BUY DIRECT FROM MANUFACTURER 
ALBINO - W RA Is 1919 Gest St. caenuamiame pol mati 4, Ohio 
albino farms BANK, N. J. 
40 
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_ Press and its many applications. f/ 


THE CARVER 
LABORATORY PRESS 


for General Research 
and Development 


In the biological, physical or chemical lab- 
oratory ... wherever pressing is required 
... this small, powerful, completely self contained 
press provides controlled pressures up to 20,000 
lbs.; temperatures to 400°F. Interchangeable 
Carver standard accessories, available for op- 
tional use, provide means for handling numer- 
ous materials for some 60 general applications 
of small scale pressing tests. 

All standard equipment, available for imme- 
diate shipment from stock. 

Latest Catalog describes the wa 


Mail coupon for your copy § 
today. 


FRED S. CARVER INC. 
HYDRAULIC EQUIPMENT 


341 HUDSON ST., NEW YORK 14, N. Y 


Send catalog, describing Carver Laboratory Press and 
Standard Accessories. (No salesman, please.) 


do you know - - 


that LITHOPRINTING is the 
best and most economical way 
to publish small editions of 


Textbooks, Lab Manuals, 
Research Reports 
Monographs, Dissertations 


etc., etc. 


Write for a quotation 


EDWARDS BROTHERS, INC. 
Ann Arbor 


HAVE YOU ? 


... registered for the Cleveland 
meeting of the A.A.A.S.— 


... made your Hotel Reservations? 


For your own convenience and 
comfort REGISTER NOW! 


Use the handy registration forms on 
pages 20 and 21, the Sept. 15th issue. 


MANUFACTURERS, 
BOOK PUBLISHERS 
SERVICERS & SUPPLIERS 


ATTENTION 


PLAN NOW to advertise in the forthcoming 
December 8th “Pre-Convention “Issue” of SCI- 
ENCE—also in the “General Program” of this 
sixth Cleveland Meeting. Write today for details. 

The 150-booth ANNUAL SCIENCE EXPOSITION 


@ which fills the arena of the Cleveland Public Auditorium 
is “. . . worth a trip to Cleveland for itself alone.” 
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‘red collection 


for every phase of 


laboratory fractionating 


Substitute Technicon mechan- 
ized fraction collecting for tedi- 
ous manual methods and you 


cumples up to 288, Sach cumple aay be eny- 
thing from a few drops up to 28cc. Requires 
no supervision at any stage: excess fluids are 


save time 
save labor 
increase work output 
eliminate human error 
assure higher resolution 


the Collector can be provided with this photo- 
electric drop counting device. Since each col- 
lection contains an identical number of drops, 
all samples are precisely identical in volume, 
@ fact of the utmost importance in critical 
work. Up to 200 samples per run, up to 800 


diverted to waste. | per sample. 
Simple to set up and easy to operate, the 
Technicon Automatic Fraction Collector is fast | THE TECHNICON COMPANY 


becoming indispensable in a constantly grow- 
ing roster of laboratories. The coupon here 
will bring you a detailed brochure. Send for 
it today. 


215 East 149th St., New York 51, N. Y. 
Send me particulars of 
Mechanized Fraction Collecting. 


Addr 
Ger 


T/F | echnicon 
gandem rig te 
vattecting output) 
| 
for everyday rou- for critical 
tine fractionation determinations 
? Based on a sound, simple timing principle, When critical determinations are required, 
) the Technicon T/F Fraction Collector is suffi- 
d ciently accurate for all routine laboratory 
! 
é. 
S, 
I- 
is 
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THE COMPLETELY NEW 
AND DIFFERENT 


wunctn  DESK-TYPE 
METALLOGRAPH 


Here is the up-to-date instrument metallographers have been waiting for . 
in simplicity and convenience of operation. 

With the AO Metallograph you perform every operation while sitting comfortably at a 
modern desk . . . compose the picture on the ground glass screen right in front of you... 
focus the camera automatically while you examine the specimen through the monocular or 
binocular microscope . . . take notes, change magnification, adjust the lamp, make the 
exposure—all with unbelievable speed, ease, and precision. And from start to his you need 
not move from your chair. 

The AO Desk-Type Metallograph encourages better quality and greater uniformity of 
results. Every user or potential user of metallographic equipment should learn more about 
this new AO instrument. For your copy of our Teoctignive 12-page catalog write Dept. K1. 


A Few among Many New, Exclusive Features: 
@ Automatic Optical Focusing @ Autofocus Coarse Adjustment Stop 


. many years ahead 


® Choice of Monocular or Binocular Bodies @ Ball Bearing Fine Adjustment 

@ Objectives on Revolving Turret @ Graduated Ball Bearing Mechanical 

@ Two Lamps—Visual and Photographic Stage 

®@ Choice of Arc or Ribbon Filament ® Quick Selection of Magnification 
Photographic Lamp Without Charts 


Manufacturers and Designers 
of Precision Industrial Optical Equipment 


American @ Optical 


INSTRUMENT DIVISION « BUFFALO 15, NEW YORK 
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